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PREFACE. 



for this little volume a modest place in 
Mr. Weale's now celebrated Rudimentary Series, I 
I venture to offer a few words of explanation as to the 
SI (node in which I have been led to treat the subject- 
After a brief allusion in the earlier pages to some 
celebrated works of antiquity and to the ancient modes 
of procuring water which were practised in the East, 
the second part of the book is devoted to a mixed 
"^ geological and hydrographical examination of the sur- 
' face of England. 
?^ This has been thought necessary in consequence of 



jj 



the extreme importance which physical structure exer- 



Qcises in every question of Water-supply — an importance 
, which attaches abke to every source of supply, whether 
from springs, rivers, wells, lakes, or drainage areas. 
This branch of the subject is in itself so extensive that 
I can only pretend to have given a very meagre and 
imperfect sketch of those geological and other physical 
I c onditions which affect the water-yielding capacity of 
^narioua districts. I trust I have said enough however 
^^b open up the subject to the attention of the young 



student, and to point out the right direction in which 
his investigations ought to be pursiied, 

The third part relates to tlie sinking of wells and 
liorings, on which it has not been necessary to enlarge 
very copiously, inasmuch as the present series already 
contains a very interesting little volume by Mr, Swin- 
dell devoted especially to that subject. 

In the fourth part, relating to pumping machinery 
for raising water, I have attempted to describe the 
principal varieties of engines and pumps used for this 
purpose both in this country and America, and have 
brought together a mass of facts and calculations re- 
lating to the duty and power of pumping engines of 
various kinds, and to the cost of pumping water, which 
1 trust will not be altogether uninteresting. 

The subject of raising large volumes of water by 
means of steam power engages unusual attention at this 
time, not only in reference to Waterworks, but also as 
l>earing on the sewerage of towns, and especially that of 
the Metropolis. I have therefore dwelt at some length 
on the questions connected with actual engine-power, 
the nature and extent of the surplus or auxiliary power 
which ought to be employed, and the American system 
of using high -pressure engines for the auxiliary power. 
The calculations and tables which are given in this part 
of the Work show the great economy resulting from 
this practice. 

The fifth part relates to Waterworks obtaining sup- 
plies from rivers, streams, and drainage areas, and con- 
lains some observations on the characteristics and flow 
of rivers, and on the cost and dimensions of embank- 




ments for impounding reservoirs. T)iia part also con- 
tains a few particnlars relating to filter-beds and service 
reservoirs. 

The last part is devoted to the flow of water in open 

channels and pipes, and to tlie subject of gauging the 

flow of water under various conditions, as in rivers, 

lipes, and artificial open channels, aluo tlirough orifices 

over weirs. 

; was originally intended to have extended the Work 

so far as to embrace the distribution of water in the 

streets of towns, but it was found very difficult to 

press the preceding important divisions within a 

sufficiently smalt compass to admit of this. The suli- 

L iect of distribution therefore remains untouched; and 

^ba this division of the inquiry, with alt its details of 

^■aains, pipes, services, standcocks, hydrants, etc. etc., 

Bvill of itself be amply sufficient to fill a single volume 

' of the series, it is proposed to treat this part of the 

subject in a separate form and at a future time, tl»e 

tlistance of which will depend somewhat on the rece|i- 

tion accorded by the public to the present humble 

attempt. 

I avail myself of this opportunity to express the very 
sincere obligations I am under to many kind friends 
and professional acquaintances, who have aided me with 
advice and information in every department of the 
ject on which I have sought assistance. 



14, Pari- Street, Weilaiiwiler. 
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PREFACE TO THE SECOND EDITION. 



The revised and considerably enlarged edition of this work 
bears a posthumous character, and I am certain that, inde- 
pendently of the recognised value of this volume, the cir- 
cumstance that its revision was one of the author's last acts^ 
will lend to it an additional and special interest. 

I can bear testimony that the revision of these pages was 
completed within a few days of the fatal illness which 
closed a singularly active and useful life. Mr. Hughes's 
professional career had been unusually extended ; it taay be 
considered to have commenced at a time when railway enter- 
prise was being carried on with much spirit, and he was 
associated with some of the most distinguished engineers of 
the period in the projection of the principal schemes which 
have since developed our present admirable network of 
railways. 

At a lat>er period, and quite in another channel, the zealous 
efforts of Mr. Hughes to uphold the rights of public bodies 
in the promotion of economic and sanitary measures attracted 
a deal of attention. His views respecting large private 
undertakings, water companies, gas companies, &c., which 
he was of opinion should be vested under municipal control, 
and conducted solely for public advantage, aroused a powerful 
feeling of antagonism in many quarters ; but there is little 
doubt that a few years will see this system developed to 
an extent that will do justice to his coTwicWoii^. 



Z PBEFACE TO THS SECOND EDITION. 

It has been observed that he was often identified with 
extreme measures. This was to a certain extent true, because 
he initiated them ; but, in reference to a subject to which 
he especially devoted much attention — ^the supply of gas 
— it is only just to record that the soundness of his views 
has been vindicated by the fact that most of his early sugges- 
tions have been gradually carried out, even in the face of 
considerable opposition. 

The inhabitants of this metropolis are not likely to forget 
that in 1860, upon the occasion of the passing of the 
Metropolis Gas Act, Mr. Hughes, associated with Mr. James 
Beal, a gentleman whose assiduous devotion to public inte- 
rests is so well known and appreciated, were the pioneers of 
a movement which secured the subsequent development for the 
public benefit of all the late improvements introduced in the 
supply of gas. 

ARTHUR SILYERTHORNE, C.E. 

\f M'bstminstbr Chambers, London, 
September, 1872. 



CONTENTS. 



PAUT I. 

(..On the Talioas modee adopted for CoUectmg Supplies of Water . 1 
indent modes of obtaining w&ter from vella ... , i 

tient modes of collecting water '1^1 

PART n. ^^ 

On the Origin and Nature of Springs, and the water procured 

from springs .13 

Springs canned 'by faolls 22 

On tiie springs of cliBib districts ii 

Cb&lk basin of London £8 

On the water-level, or line of saturation in the dbaXk . . ,30 

Dopresaion of water-level in London wells 31 

Chnlk wella ib. 

Faiilla and distnrbanceB of the chalk district inflaeniiing the 
phenomena of springs and the height of WKter in wells 38 

Discharge of chalk strtams 4d 

Intermittent springs i'J 

TJniTorsality of the chalk formation 62 

Iloposita above the chalk in the London baain , . . .64 
Extent of the tertinry sands in the London hasin . . . {18 

The London clay 59 

The Bugshot sand 61 

The Bagahot saads of Surrey and Hampshire . . . . U2 
Proposed gathering ground on the Bagshot sands . . .03 

- Oangings of water from the Bagahot aands 71 

~ Is above the tertiaries 76 

n the strata between the chalk and the oolites . > . .76 



XU CONTENTS. 

TAOE 

The Lower Greensand 81 

Springs of the Lower Greensand 91 

The Wealden area of Kent and Sussex 92 

The Jurassic or Oolitic series 94 

The Oolitic district from the Humber to near fiath . .97 

The Ck)ral-rag and Oxford clay 103 

The great oolite and fullers* earth . . . . y . 106 

The inferior oolite and lias 108 

The Trias and Permian groups 110 



PART III. 

Supply of Towns situate on the New Bed Sandstone : — Birken- 
head, Birmingham, Bridgenorth, Bristol, Cardiff, Carlisle, 
Chester, Coventry, Darlington, Derby, Exeter, Lancaster, 
Leamington, Leicester, Liverpool, Macclesfield, Manchester, 
Middlewich, Nantwich, Newark, Northallerton, Nottingham, 
Penrith, Preston, Rugby, Stockton, St. Helen's, Selby, Stour- 
bridge, Sunderland, Tranmere, Wallasey, Warwick, Wel- 
lington, Wells, Wolverhampton, Worcester, York . .121 

New Red Sandstone of Liverpool 142 

On the permeability of the New Red Sandstone in the neighbour- 
hood of Liverpool 144 

Public wells of Liverpool 149 

Cost of pumping from wells at Liverpool 155 

Cost of pumping stations at Liverpool 157 

Argument in favour of having several stations for the supply of 

water 158 

Annual expense of pumping stations 159 

On the fluctuation of level in the water of the Liverpool wells . 162 

Supply of water from the older formationB 165 

The Pdlaaozoic series U 



PART IV. 

Wells and borings for procuring supplies of water • • .171 

Construction of wells • .175 

Cost of well sinking 178 

Artesian wells 182 

Boring machinery 187 

Messrs. Mather & Piatt's earth-boring machinery . . .189 

Temperature of wells iSO 

Description of some remarkable wells in and around London . 191 
Add/ JjoiiaJ frells mentioned hyM,,Besix^LmoxQ .... 216 



• • 



CONTENTS. Xlii 

PAOB 

Eecent wells sunk by M. Paten 215 

On nipplies of water from the Lower Green Sand in the neigh- 
bourhood of Liondon 219 

Wells in the New Ked Sandstone of Birmingham and Wolver- 
hampton 223 

On the yield of water by the ComiBh mines 229 



PAET V. 

Pomping Machinery for raising water 231 

On the pumps used in waterworks •••••. id. 

Force-Pumps 241 

Low-pressure condensing engines • . 245 

High-pressure condensing engines working expansively • . 255 

The valves used in pumps 261 

On calculating the sizes or dimensions of pimips .... 267 

On calculating the power of engines 269 

On the mode of calculating the dimensions of engines required 

to perform a given amount of work 276 

Steam worked expansively 284 

On the cost of engines for pumping purposes • • • . 202 

Doable-cylinder engines SOO 

Pumping into a main 301 

Pumping into a reservoir il/, 

Stand-pipes 302 

On the duty of pumping engines . . . , • , . 303 
Relation between duty and consumption of fuel . . , .310 
Cost of raising water by steam power 315 

PART VI. 

Waterworks obtaining a supply from rivers, streams, and drainage 

areas 324 

Volume of rivers 325 

Works obtaining a supply from drainage areas . . . .327 
Capacity of impounding reservoirs in proportion to the supply to 

be afforded • . 333 

Dimensions of embankmi.nts for impounding reservoirs . . t^. 
Ueser^'oirs of the Gorbals Gravitation Works .... 334 

American Works ib. 

Cost of impounding reservoirs 336 

Impounding reservoirs with dams of masonry .... 337 

Service reservoirs 33S 

New Works of the Chelsea Company 339 

Open reservoir at Putney Heath ...,.•• 342 



XIV OONTENTS. 

PAOI 

Filtor-beds .^42 

Scotch system of triple filtration 343 

Filter-beds of the Chelsea Waterworks 345 

New Works at Seething Wells 347 

Depositing reservoirs ib. 

Filter-beds 348 



PART VII. 

On Gauging the Discharge of Rivers and Streams • • .351 

Motion of water in uniform open channels t^. 

On gauging rivers by means of the surface velocity in the centre 

of the stream ., 354 

Gauging of water passing through sluices or orifices . . . 358 
Gauging by means of current meters and other instruments for 

observing velocities at various depths 362 

Current meters acting on the principle of dynamometers . . 364 

Gauging by means of weirs 367 

On the importance of accurate gauging over weirs . • . 374 
On the employment of the coefficient for calculating the discharge 

over weirs 376 

On the velocity at whiqh water should fiow in channels • .377 

Artificial canals and aqueducts 879 

On the flow of water through pipes •••••. 380 

APPENDIX. 

Table of horse-power required to raise from 50,000 to 10,000,000 
gallons one foot high in twenty-four hours .... 389 

Tables showing the power of Cornish Engines with various sized 
cylinders . . - 391 

Table of the yield of Chalk Wells and list of Chalk Springs . 396 

Specification of Engines, Boilers, and Pumps for South Stafford- 
shire Waterworks . • • • 397 




ON THE VARIOUS MODES ADOPTED FOR 
COLLECTING SUPPLIES OF WATER. 



s from which water is coratnonly procured have, in 

B Kility, only one orig'in — namely, the supply given by nature in 

rflie form of rain and snow falling from the clouds. The water 

[. thus bestowed may be seized by man in various forms. Il may 

be taken in a comparatively pure, distilled state, as it falls in the 

ihape of condensed rapour from the clouds, free from admix- 

I tare with any earthy salts, or infusion of any other ingredients 

eicept those which it meets with in passing through the air. 

I It may be collected from drainage areas, where the quantity of 

Lndo happens to be greater than that which evaporates and 

^wnks into the earth ; again, it may be taken from rivers, 

Wbearns, or lakes, which are themselves supplied chiefly from 

Pdnunage areas: or, lastly, it maybe taken from wells or springs, 

where the water has accumulated after passing through strata 

and roekB of various kinds, and become much changed from its 

origi Dal state of purity by the absorption of gases and by holding 

in tolution earthy salts and other bodies which it has tort with 

ia its subterranean passage. 

I With respect to the first or primitive state of water, how- 

, tiEI well adapted this may be from its quality of softness, for 

I Certain commercial and culinary purposes, it is confessedly not 

I pSJBtable for drinking. It fails entirely in that agreeable taste 

pOparted to spring water by the gases, and even by the mineral 

Wtets held in solution. At the same time pure rain water is 

fn valuable for many purposes, and would ana'^et ta 'v^\<!X 
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3 ON TUB VAKIOVS HODEE ADOPTED 

many othera where quality is of no consequence at all, that the 
inquirer may at first sight ask with some surprise, how it ii 
that means are not taken to collect the rain water as it falU 
from the clouds instead of extracting it often by a difRcuit and 
eipensive process from the bosom of the earth. Let Ub et- 
Bmine this question a. little more in detail. It ia evident, until 
mankind had made considerable progress in the arts, there were 
no roofs of houses or other building from which rain water 
could be collected, and therefore if any attempt were made 
to procure it otherwise than by embanking across valleys, and , 
collecting a certain portion of the rainfall, as practised at the 
present day, it roust be done by making an artificial impervious 
surface, from which the water, falling in the shape of rain could 
flow into cisterns placed to receive it. Let us suppose an 
acre of surface so constructod : the expense of this at the 
present day would probably not bo less than one shilling per 
square yard, or £242 an acre, independently of the value of 
the land. Now the interest of this sum alone, at 5 per cent., 
Would be more than the value of the water which could be 
collected on an acre of surface, assuming an available rainfeU 
of 30 inches, which is probably as much as could be obtained 
in dry years on the average of England, after deducting such 
evaporation as would be unavoidable in spite of all precautions, 
The whole quantity of water which could be collected on an 
acre of ground, from an available rainfall of 30 inches per 
annum, is under G8 1,000 gallons, which, at sispcnce per thou* 
Band gallons (a price at which water can not only be collected, 
but conveyed and distributed in towns, even where pumping 
to a high level is necessary), would amount to little more than 
£l7, or about the interest of the money to be laid out in con- I 
Btructing the gathering ground and purchasing the land alone. ' 
So much for the collection of perfectly pure rain water by ' 
an artificial surface. But it may be said, we possess in the 
roofs of houses already built in every town, the means of col- 
lecting rain water of tolerable purity, except when the atmo- 
sphere is polluted by smoke, as in the metropolis. We Ghall 
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, that the quantity which could he k 
iltected is wholly inadequate for the wants of any given popu- 
tion. Let us asGunie that the roof-surface of SKy town oi 
rge group of houees is equal to 60 square feet for each indi- 
dual, an aBBumption which is probably much in excess of the 
al fact, then the annual quantity of water which would be 
)llected on this surface on the same supposition as before, 
itli respect to available rainfall, would be 93S gallons, or loss 
lan 3 gallons a day for each individual. Now the common 
ilowance for towns in England, including every kind of use, 
oth domestic and public, is not less t}ian 20 gallone per head 
er day, so that the rainfijl alone will only give one-seventli of 
le quantity actuaOy required ; or, in other words, in order to 
btain the required quantity we must assume an annual rainfiill 
f 140 inches, which is scarcely yielded in any part gf tlio i 
rorH. ' 

Professor Leslie calculates, in his Elements of Natural Phi- 
osophy, that the roof of a lofty house in Paris, containing on 
in average 25 persons, might deliver annually 1800 cubic feet 
if rain water, which would furnish to each individual daily the 
ifth part of a cubic foot, or rather more than one gallon. 

We find, however, notwithstanding the inadequftcy of the 
juitntity, that Venice and many other continental cities have 
iKti for many years supplied with rain water, both from public 
mil private reservoirs, which are commonly constructed undet- 
JTound, for the purpose of receiving the water from the roofs, 
lUlthews, in his Hydraulia, describes one of these public reser- 
rairs. which is situate urider the court of the ducal palace at 
I'enice. Here the underground cistern is provided with a 
•iad filter, through which the water passes, and flows into a 
■overed well in a cleat and transparent state. 

In Bpoaking of a sm-face to collect rain-water from which 
"ufaco it is to flow into a reservoir, it may be necesaary to 
lotice, in passing, that a reservoir ia absolutely necessary, in 
>rder to prevent the loss of all the water by evaporation. For 
Mance, if a ninn were to make for himself & i\Ca oi cK^V.&'ca 
■ *^ i 
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4 ANCIENT MODES OF OBTAINING 

large enough in surface to catch all the rain-water he required 
for his own use, calculating its area simply from the known 
rainfall, he would find that evaporation would carry off all the 
water as fast as it falls, and a great deal faster. From the 
very accurate observations made at the Highfield House Ob- 
servatory, near Nottingham, during the last year, we learn that, 
whilst the whole rainfall was only 17.3 inches, the evaporation 
was equal to 41 inches, or more than double the amount of 
rainfall. As, however, the evaporation is in direct proportion 
to the area of the surface exposed, it follows that the rainfall of 
a very large drainage area may be collected in a small and deep 
reservoir with a comparatively small loss from evaporation. 

There being such obstacles in the way of collecting pure 
rain-water, we find that mankind in the very earhest ages have 
turned their attention to the stores or reservoirs which nature 
has provided in the shape of springs, rivers, streams, and 
lakes. 

ANCIENT MODES OF OBTAINING WATER FROM WELLS. 

We shall not attempt to follow Mr. Ewbank in his minute 
details of the earliest processes adopted by mankind for pro- 
curing water, by first kneeling down at the side of a river and 
drinking from the surface, after the manner of the inferior ani- 
mals, and then gradually advancing to use the hollow of the 
hand, and the concave cases or coverings of fruits for the pur- 
pose of lifting and containing the water. All this may be 
interesting in an antiquarian point of view, but is not within 
the scope of our present more limited inquiry. The first workf 
of primitive nations which interest us, and require attention, 
are the ancient wells, the remains of which are scattered over 
all the first inhabited countries, and the origin of which pro- 
bably goes back as far as the world before the flood. The 
earliest wells were probably mere drainage pits, dug in moist 
spots of grouifd to allow of the infiltration of the surrounding 
water. Such are the small square wells, dug or scooped out ol 
the earth, and discovered by travellers at the present day ui 
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^&tB of Africa, New Holland, and other uncivilised countries. 
Many of them are so shallow that tbey are emptied every day, 
and onlv supplied by the water which trickles into them during 
the night. 

Mr. Ewbank is of opinion, that oraongst the 6rst people in 
the world these wells were saperseded soon after the seventh 
generation from Adam, about whicli time the discovery of 
metals took place, and consequently the power of dig'giag and 
penetrating through rocks. In fact, in the very earliest records 
which have heen handed down to us from the most remote an- 
tiquity, as for instance in the writings of Moses, we have J 
mention made of welJs ; and modera travellers have not hcsf- I 
tated to point out the sites of some of the most ancient wells as n 
dis'coverable at the present dav. Many of these wells, whose 
origin dales from the very earliest period, have passed through 
both rock and quicksand, and therefore eshibit a knowledge of 
workmanship and mode of dealing with mechanical difficulties 
which has not always been associated with such remote anti- 
quity. Mr. Ewbank in fact asserts, that to the constructors of 
ancient wells in the East we are indebted for the only known ■ 
mode at present adopted of sinking deep wells through quick- ■ 
funds by the employment of a curb, which settles and sinks J 
s the excavation proceeds. ' 

ing the most ancient wells in the world are those which 
le name of the Patriarch Jacob and his son Joseph ; the 
r situate near Sychar (the Shecbem of the Scriptures) 
end the latter near Cairo in Egypt, Jacob's Well has bee 
visited by pilgrims in all ages, and has been minutely described'! 
by D r. Clarke, in hia Travels. It is 9 feet in diameter and ■ 
S feet deep, made entirely through rock ; and when visitedJ 
^laundrell it contained 15 feet of water. 
Joseph's Well at Cairo is 297 feet in depth, and is altogether 
tuch more elaborate work than the other, and indeed ii 
n most modern wells. The mode of raising the w 
a by means of an endless rope, carrying earthem pots OP-^ 
tets, and working over a wheel at top and l)oi.\.oici, &\ai\\«i - 
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to the buckets of the modern dredging engine, only t 
chain of pots moved vertically, instead of working ii 
direction. 

The endless rope carrying the pots was put in 
oxen walking round in a circle ; and as the depth of t 
(nearly 300 feet) was too great to be worked in one lift, ^ 
divided into two sejjarate shafts by a compartment large tt 
for the oxen to work in, at a depth of 165 feet btM, 
surface of the ground. Herein arises the great pecul 
this weD ; the upper shaft liaving a section of 21 feet B 
with a spiral passage winding round it from top to both 
sufficient dimensiona to allow the osen to paas from d 
face to the working chamber at the lower extremity i 
upper shaft. The spiral passage is 6 feet 4 inches wide 9 
feet 2 inches high, and is made with so gradual a 
that persons ride up and down upon asses or mules. The a 

shaft goes from the bottom of this chamber to a further a ^ 

of 132 feet. This lower shaft is not in the same line as th^"' 
upper one, but a little on one side, and is smaller in ditneO* , 
sions, being 15 feet by 9. The oxen working in the chamber 
between the two shafts raised the water into a reservoir ilR* 
mediately at the bottom of the upper shaft, through which it 
was agiiin raised to the surface by another chain of pots, workej 
by oxen at the top of the well. 

The extraordinary skill displayed in the construction of th^ 
well has excited the admiration of all travellers who hsn 
visited it. The spiral passage surrounding the upper shaft ii 
executed with the utmost precision, a very thin portion of tkj I 
rock (only about 6 inches) being left between the passage an^ I 
the cavity of the well. Semicircular openings, or loophole^! 
are formed at intervals, by which the spiral passage is din^l 
lighted from the interior. Many curious conjectures hUTS 1 
been hazarded as to this remarkable well and its peculiar ob- 
long form. Tliia latter has been attributed, with some show 
of reason, to the necessity for lighting the interior, and to tlu 
fact that this form would admit the liglit of the sun during 



more hours of the day than a square or circular section. Con- 
flicting opinionE are also entertained as to the date of the veil. 
The common people of Egypt ascribe it to the patriarch 
.Joseph, Many antiquarians, however, are inclined to imagine 
the well to he of much more recent date ; Borne ascribing it to 
(lie famous Saladin of the Crusades, whose real name waa 
Vussef (or Joseph) ; while others believe it was made by a 
vizier named Joseph about 800 years ago. 

The celebrated well of Memsem at Mecca dates, according 
to popular tradition, from a higher antiquity even than Jacob's 
Well, being in fact venerated as the well from which Uagar 
nourished the ancestor of the Arabian people ; the construction 
of the well itself being attributed to Abraham and Isaac. 

The oasis of Thebes contains Artesian wells, which have 
been noticed by Arago. The practice of the ancient inhabit- 
ants was to dig square wells 60 to 80 yards in depth, through 
tlie superficial vegetable soil, clay, and marl, down to the lime- 
stone rocka, in which borings 4 to 8 inches in diameter were 
then made. These holes were fitted with a block of sandEtone, 
which was furnished with an iron ring, and was used to stop 
the supply when necessary, 

OTHER ANCIKNT MODES OP OOLLBCTINO WATER. 

Although the very earliest people appear to have procured 
water chiefly from wells of various kinds, and sometimes from 
reservoirs and cisterns formed at spring heads to collect the 
water, it is evident that in process of time these means would be- 
come inadequate, and the wants of increasing populations con- 
Iittated in towns would require other modes of supply. Henca 
1 find that aqueducts were used for conveying water into 
fns from a very remote period of history. 
It is probable that the great canals and lakes of which traces 
U exist in Egypt were used as reservoirs for storing the 
t«rB of the Nile in times of flood, in order that they might 
used for irrigating the land during dry seasons. The great 
leducts, reservoirs, and other hydraulic wotVb ol a.viW4\A. 
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vEgTpt arc perhaps not teas wonderfiil. tiDd certMnlj wen 

f more uaeful, than their pyramids and colossal ecuiptures. 

Bavary, in his " Leltres stir I'Egypte," describes some worki 

titraordinary mag-nitude for raising water into high reser- 

Toira near Cairo, and observes that in other parts of the coun- 

I try the Egyptians conveyed the water to the tops of hills, 
where immense cisterns were hewn in the rocks to receive it, 

1 Knd whence it afterwards flowed among deserts, which this 

I great people transformed into fertile fieldsi^ 

y parts of Syria contain the remains of aqueducts which 
are undoubtedly of great antiquity. Those in the neighbaur- 
hood ofTyre and of Jerusalem are attributed to Solomon, who 
lived 1000 years before the Christian era, The ancient aqne-. 
ducts of Aotioch and Hamali have also been noticed by many 

I modern travellers. 

The earliest account of any aqueduct for conveying water is 

[ probably that which is given by Herodotus (who was bom 
.0. 484 years). He describes the mode in which an ancient 

I aqueduct was made by Eupalinus, an architect of Megara, to 
supply the city of Samos with water. In the course of the 
aqueduct a tunnel, nearly a mile in length, was pierced through 
B bill, and a channel 3 feet wide made to convey the water. 

The first aqueduct of ancient Rome was that constructed 
B.C. 331 years, by the censor Applus Claudius, after whom it 
was named the Appia Claudia. Before the conetruction of 
this work, which brought in the water from a distance of about 

111 miles, the inhabitants derived their supply from the Tiber, 
and from wells and springs in the immediate vicinity of the 
city. 
About 100 years later the celebrated aqueduct, called the Aqua 
Martia, was commenced by Quintua Martius. This began at a 
spring 33 mites from Rome, tlie length of the aqueduct itself 
being upwards of 38 miles, or about equal to that of the New 
Kiver. The works, however, are of a much more gigantic 
character, there being a series of nearly 7000 arches, some of 
theia 70 to 100 feet in height. Many aqueducts were con- 
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Krueted during the reigo of the Emperora, aa the Aqua Vir- 
ginia, in the reign of Augustus, the aqueduct for conveying 
the Auio iu the reigo of Nero, and the Aqua Claudia in 
the reign of Cahgula. This last work commenced at the 
distance of 38 miles from Rome, and was formed under 
ground for 36J- miiea. ahout 3 miles of which consisted of 
tunuelling. The supply of water to ancient Rome was com- 
puted by Professor Leslie, on the authority of Sextus Julius 
Frontinua, who was inspector of the aqueducts under the Em- 
peror NervB, and who has left a valuable treatise on the 
suhject, at 50 miUion cubic feet per day for a population of one 
million souls. This gives the immense average per head of 50 
cubic feet, or 3)2 gallons, a consumption quite unequalled in 
modern times, except in the city of New York, where it ia said 
to have amounted nearly to this quantity. 

The Roman aqueducts were mostly built of brickwork, and 
consisted of nearly square piers carried up to a uniform level, 
allowing for the fall of the water, and connected by semi- 
circular arches, on which the conduit for carrying the water 
was placed. The conduit had a paved or tiled floor, side walls 
of brick or stone, and a roof formed by an arch turned across 
it, or by a flat copiog of stone. Various opinions have been 
hazarded by modern writers to account for the peculiar practice 
adopted by the Romans of conveying their water by means of 
a uniform channel through hills and over valleys, instead of 
adopting the modern system of following the undulations of 
the country by passing over hills and descending to the bottoms 

I of valleys. A writer in Lardner's Cyclopccdia thus expresses 
himself: "Ignorance of the principle by whisk Uqmds return to 
their level is shown in the construction of aqueducts by the 
Isncients, for supplying water to towns." This supposition is 
grossly inconsistent with the skill and acquaintance with the 
laws of nature displayed by the Romans and other great nations 
if antiquitv, as exhibited in the very aqueducts which this 
"titer condemns. Professor Leshe says nothing can be worse 

tded than the opinion that the Romans wcTe nwactYi'^vcA^i 
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■with the laws of hydrostatics, and, therefore, with the meffi 
of conducting and raising wal«r through a train of pipes. 
'■ The ancient writers," he observes, " who either treat of the 
Bubject or incidentally mention it, are clear and explicit in their 
remarks, while many veetiges of art elill attest the accuracy of 
these statements. Piiny, the natoral historian, lays down the 
main principle that ' water will invariably rise to the height ot 
its source.' He suhjaina that leaden pipes must be employed 
to carry water up to an eminence," Palladius, Vitruvius, and 
other Roman writers describe the method of conveying water 
in leaden and earthenware pipes. 

Some of the Roman aqueducts were nncovered or open 
channels, and of course had to be formed with a uniform in- 
clination, or the water would not have flowed through them at 
all. In other cases, where the aqueduct was covered, it was a 
question of expense between making the conduit EufRciently 
strong and watertight to resist the great pressure of water to 
which it would have been subjected in the valleys, or, on the 
other hand, raising it a sufficient height to make the flow uni- 
form and reduce the pressure to a minimum. It was not, in fact, 
till the introduction of cast-iron pipes^ strong enough to witb> 
Btand the pressure of a column of water equal to several hnn- 
dredfeet of verticalheight, that the modcrna were able to adopt 
tbo mode of crossing hills and valleys by following the nndnlii- 
tionsof thegronnd. In the construction of theNewBivoraqne- 
dnct,on1y 260 years ago, uo other principle was thought of tbfui 
that of a uniform channel for the water; the only difference be- 
'ween this and the Boman aqueducts being its excessively timid 
character ; for, instead of boldly passing through hills and over 
valleys, it winds around the former and creeps op the latter in 
' to diminish every artificial work to its least possible 
Yet who ever thinks of decrying the New Biver, 
or treating contemptuously the skill displayed by its con- 
structors ! Considenng the period of its execution, it was aa 
great a work as any which distinguishes our own times. 
Some of the Roman aqueducts were remarkable for being 
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built in tiers or arcailes one above another, and several of thow 
which supplied the imperial city brought in the water at 
separate etreams at diflerent levels one over the other. 

Kor did the genius and enterprise of the Roman people rest 
content with Uie embelliehment and improvement of their own 
imiuediate territory by means of these magnificent works of 
art. Throughout all the continents of the old wortil, wherever 
the Koman eagles have penetrated for conquest and civilisation, 
there we And the remains of their gigantic aqueducts. Not 
only Italy and Sicily, but the more distant lands of Greece, 
France, and Spain, contain abundant traces of these great 

£oth the Moors and the Romans have left remains of many 
magnificent hydraulic wiirks In Spain. An embankment 66 
feet wide and 150 feet higltj stretclies across a gorge on the road 
from Alicante to Xativa, and dams up the mountain torrents 



The Roman aqueducts of Segovia and Seville still suppl; 
those Spanish towns with water ; while the noble aqueducts ul 
Nismes, Metz, and Lyons, in the south of France, ar 
periGhable monuments of Roman renown during their posses' 
sion of ancient Gaul, The Pont du Gard, that wonderful 
I structure consisting of three tiers of arcades placed one over 
I the other to the height of 150 feet above the valley, still ex- 

IhibitB the sectional area of the Nismes aqueduct. M. Genieys, 
formerly engineer-in- chief to the municipality of Paris, cal- 
culates tlie quantity of water supplied by this aqueduct at 
I nearly H million gallons per day. 
The ancient works executed under the later Roman emperors 
for the supply of Constantinople, combine the system of aque- 
I ducts with the collection and impounding of water by means of 
Wservoirs at the head of the aqueduct. The impounding re- 
Krvoirs are situate about IS miles from the city on the slopes 
t range of mounfains, wliich form the south-eastern pro- 
lion of tiie great Balkjvn chain. There are four principal 
ucts, one of which conveys the water col\ec\*i \j^ \.\i\et 
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uparate reservoirs, while the other three are each supplied h] 
its own reservoir. Besides these extensive proviaiont for 
Bccuring water to the city there ore immense suhterranean re- 
eervoirs, one of which, now Id ruins, is culled the Palace of the 
Thousand and One PillarB, not hecanse this is the precise nom- 
ber supporting the roof, but because the nucnber is a favourite 
a the espreasion of eastern byberbole. This greet sub- 
I terranean cietern it supposed to have been made by the Greek 
I Omperore for the purpose of storing water in case of a siege 
I or similar calamity. Allhough originally of great depth, it is 
n nearly filled up with earth and rubbish. It is singular 
I that in the nineteenth century we are reviving in our covered 
I reservoirs, for the purpose of storing water in a state of fresh- 
ind uniform temperature, the practices which were fol- 
lowed nearly 2000 years ago by nations whose modem de- 
\ Bcendants are half barbarians. 

The works of the ancient Peruvians, constructed for the pnr- 
I pose of irrigating vast rainless districts of country, are not in- 
' ferior to those which have been executed by other natioiiB, 
The necessity for water in Suuth America will be well nnder- 
Blood when we reflect that along the coast there are districts 
of 2000 miles in extent in which no rain ever falls. Some 
ver)' interesting notices of the ancient aqueducts and wells of 
Peru are contained in Gurcillasso's Royal Commentaries of 
Peru, which were translated into English by Sir Paul Ricaut 
and pubhshed in London, IGS8. 
L He relates that the ancient Incas devoted much of their 

H paternal care and attention to the improvement of the country, 
B and amongst other great works constructed numerous aque- 
ducts for conveying water from the hills to fertilise the other- 
wise dry and desert parts of the country. Instances are 
related of insignificant streams being conveyed a distance of 60 

I miles far the purpose of irrignting a few acres of land. 
One of the Incas made an aqueduct 120 leagues in length, 
to convey the water of certain springs, which rose near the sum- 
m/f ol a high roouutaia between Parcu and Picuy. The nque- 
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duct was 12 feet in depth, and watered a tract of country more 
than 50 miles in breadth. Another great Peruvian aqueduct, 
150 leagues in length, traverses the whole extent of one lurge 
proviace, and irrigates a vast extent ofdrvand arid pasture land. 
The Peruvians do not appear to have practised the meihod of 
Iraveraing valleys by bridging them over with arches, but con- 
veyed their water round the mountains, following such a con- 
tour as gave thera a proper inclination for the water-course — 
Eomething in the same elyle as that in which the New River 
was originally brought from Chadnell Springs into London. 
It appears from the account of Garcillasso, that the Peruviana 
had numerous wells, from which water was raised for irrigation 
and other purposes ; but at the time of the Spanish conquest 
many of these wells were nsed as hiding-places to conceal 
treasure, and being filled up with earth, in order more effec- 
tually to hide them, the sites became obliterated, and all traces 
of the wells were destroyed. 



Of the water which falls from the clouds in the form of rain 
and snow a certain proportion runs off the surface, and is 
received by rivers and open water-courses ; another portion 
enters into union with vegetable substances, a third portion is 
evaporated from the surface, and a fourth portion sinks into 
the soil, and passing through strata which are more or less 
porous, forms the subterranean reservoir which yields, under 
certain favourable circumstances those fresh, cool, and deli- 
cious springs, that are met with in nearly every ])art of the 
world. To determine the proportion of the whole rainfidl 
which actually sinks into the ground to be again yielded by 
Ibe earth in the form of springs, is one of the most interesting 
problems presented to the study of the hydraulic engineer. 
Nor is it less important to determine the proportion which will 
naturally flow off the surface into collecting or impounding 
Kserroirs, this being the question which has aavjiVj \o \» 
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solved in eonsiJoring the supplies of wat«r to be obtained 
from gathering groandn or drainage areas. It is obvious that 
the proi>ortions vary mnch according to circomstancea ; they 
depend greatly npon climate, and upon the geological forma- 
lion of the district, and tbcy vary also acoordlBg to the seaBon 
'Of the year. Thus in 'rcarm weather everywhere, and in tro- 
pical cUtnates throughout the year, theevaporationmust be verjl 
much greater than in colder aeasons and climates, eo that, sup- 
posing the rainfall tu be equal, and all other tilings alike excepi 
the temperature, the quantity of u-ater sinking through the 
Burface te form spiings, and the water running off to form 
riven, will be much less in the warm than in the cold climate, 
Again, with respect to geological structure, it is evident that 
a district of retentive impermeable clay will carry off much 
more water in its Btreama and rivers, will admit of greater 
evaporation, and will allow less to sink into the ground than a 
district composed of peiineable gravel, sand, or porous rocks. 
The physical shape and cuii figuration of a country has also 
much to do with the proportions in which the rainfall is dis- 
posed of. Thus, all other things being alike, a very hilly or 
Undulating country, full of steep slopes and declivities, will 
evidently pass off more water on the surface, admit of less 
evaporation and of lees sinking below the surface than one 
witli a more level surface. It is a subject of regret, that few 
observations of a trustworthy nature have been made to deter- 
Diine the proportion of the whole rainfall, which sinks into the 
ground in diil'erent districts. Such observations as we do 
■possess have frequently been made by partizana n o der to 
■upport some view or theory of their own, and m other cases 
have been made, rather with the collateral object of mpa ng 
une district with another, than to determine the absolute 
quantity which penetrates in any one given d s ct Dr 
Dalton found, in the course of three years' experiments on the 
new red sandstone soil of Manchester, that 2.5 per cent, of the 
whole rainfall penetrated to the depth of 3 feet. Mr. Char- 
[iioct in his experiments during five years, on the magneaian 
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imestone soil of Fenybridge, in Yorkshire, found that only 
.9.6 per cent, of the >vhole rainfall filtered through to the 
iepth of 3 feet, while Mr. Dickinson, haying observed the 
nfiltiation during eight years through the sandy gravelly loam 
vhick covers the chalk in the valleys around Watford, found 
thit as much as 42*4 per cent, of the whole rainfall penetrated 
to this depth. It is considered, that observations made with 
Dalton^s rain-gauge, which indicates the quantity penetrating 
to the depth of 3 feet, may be depended on as correct, to 
determine the yield of subterranean water in a given district, 
because it is probable, that at and beyond the depth of 3 feet, 
DO evaporation takes place into the atmosphere. Mr. Dickin- 
ion*8 experiments are very interesting, as they indicate not only 
the quantity which penetrates annually, but the varying pro- 
{XMrtion in each month. The following table, showing the 
result of Mr. Dickinson's observations during the eight years, 
horn 1835 to 1843, has been published in a paper by Mr. 
Parkes in the Journal of the Royal Agricultural Society. 
VoL v., p. 147. 



January . 
February . 
March. 
April 
May . 
June . 
July . 
August 
September 
October 
November 
December . 



Mean Fall. Mean Infiltration. 


Per Cent 


. 1-847 


. 1-307 


70-7 


. 1-971 


1-547 


78-4 


. 1-617 


1-077 


66-6 


1-456 


. 0-306 


21-0 


. 1-856 


. 0-108 


6-8 


. 2-213 


. 0039 


1-7 


2-287 


. 0042 


1-8 


2-427 


. 0036 


1-4 


. 2-639 


. 0-369 


. 13-9 


. 2-823 


. 1-400 


49-0 


. 3-837 


. 3258 


. 84-9 


. 1-641 


. 1-805 


. 100-0 



26-614 



11-294 



42-4 



It appears from these observations that in the first three 
months of the year the quantity which penetrates is about 70 
ptr cent, of the whole rainfall, that in the winter months of 
November and December nearly the whole rainfall sinks into 
iLe earth, while in the four summer months, from May to 
Aug'ist inclusive, the quantity which sinks is excccd\w^^ ?,T\\^ 
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amounting on the average to little more than 2 per cent, o! 
the whole rainfall. 

Mr. Stephenson, in his report on the spring water from 
Watford, calculates the area or watershed draining into the 
rivers Verulam and Colne at 113^ square miles, and he 
assumes the annual rainfall of the district at 20 inches. The 
total quantity of rain faUing on this surface would thus be 
equal to 14^ millions of cubic feet in 24 hours. Mr. Telford 
found that in a dry season the rivers which drain this district 
carried oflf 30 cubic feet per second, or about 2^ million feet 
in 24 hours, which is equal to nearly 3^ inches of rainfall. 
Dr. Thomson, however, calculates the quantity carried oflf by 
the streams and springs at 4 inches, and Mr. Stephenson 
adopts this quantity in his calculations. He then assumes 
that the evaporation in a chalk district, together with the 
quantity absorbed by animal and vegetable life, is equal to one- 
third of the whole rainfall. 

The following table therefore represents the results which 
Mr. Stephenson arrived at for the chalk district round 
Watford : — 

Millions of Inches of 

Cubic feet rain per 

per day. annum. 

Quantity carried off by rivers and streams . . 3 4 

Quantity evaporated and absorbed by animal and 

vegetable life 5 6} 

Quantity sinking into the ground to form springs . 6^ 9^ 

Total rainfall 14i 20 

Proportion of rainfall which sinks below the surface, 44-8 per cent. 

On referring to Mr. Dickinson's table at page 30, it will be 
Been that the quantity which he determined from actual experi- 
ment as penetrating below the surface was 11*3 inches out of a 
total rainfall of 26*6 inches. This is equal to about 42*4 per 
cent., or rather less than Mr. Stephenson's calculation. Other 
observers who have written on this subject have calculated, 
roughly, in formations less absorbent than the chalk, that 
streams and rivers" carry oflf one-third of the total rainfall, that 
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BDother third evaporates and enters into animal and vegetable 
life, while the remaining third sinks into the earth to form 
subterranean sheets of water, and breaks out again in the form 
of Bpriiiga, Mr. Preetwich, an able and jinictical geologist, 
who has distinguished himself by numerous papers of great 
value, and who has devoted himself to a very inleresling ex- 
amination of the tertiary and cretaceous formations surround- 
ing the metropolis, has given,* as the result of close examination 
and eiperiment, the following table, to show the prolwiW* 
amount of infiltration into three of the principal water hearing 
npata which surround the metropolis ; — 



i 



[jDwer tertiary sand 

Upjwr green sand . 
Lower green sanil . 



Total n 



Incbca. 



25 



Inclic). 



12 
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Springs which break out on the surface of the ground are 
caused in various ways : sometimes by simple superposition ot 
a porous stratum on one which is impervious to water, and 
eometimes by the action of faults. 

The annexed figures represent 
ditions under which springs are i 



of the most simple con- 
with, where c is a cap of 



■ Pmlwich on tbe Vater-Iiearing Stnta of London, p. 120. John Vm 
Voont, ISai. 
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porous Band or gravel, reEting on d, an impermeable mast of 
clay. In this case a portion of the water falling on the poruui 
BUrTace of the covering will penetrate downwards until it it 
Btoppeii by the clay, and will br(.-ak out at a and b in the form 
of Gprings. Where the underlying clay has a basin-shaped ur 
hollow form the water will accumulate in ibe lower part of tha 
und to the level of the horizontal line a b, and below this line 
tlio GOnd will be permanently saturated with water. A great 
m.inyof the eb allow springs aronsct Loudon ariBeirom the water 
lodging in depresBiona filled witli porous gravel, which rest on 
the thick beds of London clay beneath. Hampstead Heath is 
another example where a mass of poroua sand rests on a thielt 
bed of impermeable London clay. At a number of point* all 
round the heath, the water escapes from the sand in springs, 
and finds its way over the surface of the London clay. Th«re 
are a great many towns situated in clay districts all oyer Eng- 
land, where the water is procured, eitlier from springs arising 
in the drift-gravel lodged in basirs and hollows, or from well* 
sunk into thia drift-gravel to a point below the line of satura- 
tion. Many of the surface wells of London drew their supply 
from this source, the water being derived from what were 
termed land-springs, to distinguish it from the deep well-water 
lying below the London clay. Many towns on the new red 
sandstone, aa Leicester, Nottingbani, Wolverhampton, &e., 
had shallow wells under the same circumstances. The water 
procured from walls of this description is commonly very infe- 
rior to that drawn from deeper levels. 

Figure 4, taken from Dr. Buckland's Bridgewater Treatise, 

Fig. 4. 




'''this figure is one in which springs are caused by contact of 
permeable with an impermeable strBtum, and the liili c is one on 
the sides of which, as aty, springs are caused by the action of 
a fault. The following description ia in tjie words of IJie dii- 
tinguished author of the Bridgewater Treatise. " The hills a, 
c, are supposed to be formed of a permeable stratum, a a* a', 
resting on an impermeable hed of clay, b b' b'. Between these 
two hiUa is a vaUey of denudation b. Towards the head of this 
valley the junction of the permeable stratum a a' with the clay 
bed b b' produces a spring at the point a ; here the intersection 
of these strata by the denudation of tlie valley affords a peren- 
nial issue to the rain-water which falls upon the adjacent up- 
land plain, and percolating downwards to the hottom of tho 
porous stratum a a', accumulates therein until it is discharged 
by numerous springs, in positions similar to s, near the head 
and along the sides of the valleys which intersect the junction 
E«f the stratum a a' with the stratum b b'. 

^f " The hill u represents the case of a spring produced by a 
Hkult H. The rain that falls upon this hill, between H and n, 
descends through the porous stratum a" to the subjacent beds 
of clay 6". The inclination of this bed directs its course 
towards the fautt h, where its progress is intercepted by the dis- 
located edge of the clay bed 6', and a spring ia fonned at the 
pointy. Springs originating in causes of this kind are of very 
fruquent occurrence, and are easily recognised in cliffs upon the 
sea shore. Tliree such cases may be seen on the banke of 
the Severn, near Sristol, in small faults that traverse the low 
cliff of red marl and lias on the N.E, of the Aust passage. 
In inland districts the fractures which cause these springs are 
usually less apparent, and the issues of water often give to tlie 
geologist notice of faults, of which the form of the surface 
iflbrds no visible indication." 
L. Other conditions under which water occurs, are illustrated 
^■S figB 5, 6, and 7. In Rg. 5 a ia an impermeable cap of clay, 
^BBting on a porous bed, s, which in its turn rests on an itn- 
^Bnmeable stratum, c. The water which fiiWa os \^e w\.Am» 
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of B, and perhaps some of that which falls on a« will sink into 

Fig. 5. 




the porous stratum b, and accumulate nearly to the level of 
a b, at which level it is drained by springs, breaking out at 
c. In wells sunk at e and/, the water will rise to the level 
of the line ab; also, in borings made at d, the water will 
probably rise through the bore-hole and overflow the surface, 
forming what is called an overflowing Artesian well. It is 
evident, if the mass a covered the permeable strata to a higher 
level than c, namely, to as high a level as the edges of the bed 
c, then the line of saturation would correspond with that upper 
level — a distinction which will be sufficiently understood by 
inspection of fig. 5, without the aid of another diagram. 
Fig. 6 represents the case of a basin drained by a river 




and having an inclined line of saturation. Here a, b, and c, 
represent the same succession of strata as in fig. 5. At a 
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H rjver, where the water lodged in b finds the means o( 
xpe; and heoce the liDC of scituratioD aod the height 
which water will rise in wells becomes the line a b, drawn 
IK the outcrop of c to the mean level of water in tbe 



It is evident, if stay part of the earface of b ahoald lie 
b, then we may expect to meet with springs breaking 
the eorface ; and so, if any part of the surface of a. 
Muld lie below a b, then we may expect to iind overflowing 
Irteaian wella, as in fig. 5. 
It is probable that the hue of saturation, a b, is not inva- 
iably a straight line, but in dry aeaaona is depressed into 
1 hollow curve beneath the straight hne, while in wet seaaons 
I Bwella into a convex curve above the straight line. If 
ceive it to swell in wet seaaons to such an extent 
I to cut the surface d at any point to the right of the 
we shall Lave for a time a spring flowing at that 
point. This is one mode of accounting for intermittent 
Bpriiigi. some of which nill be hereafter noticed in speaking 
ofcLalk districts, 
'fig. 7 shows an arrangement of strata which often prevail* 



] 




» nature, the iniptrv 
fiirent leieH. a and b 
be inclined from i to o 



33 c cropping out at very dif- ■ 
the line of saturation also will 
: this le\el the water will stand 
.wells sunk between a and b This explanation ia somewhat 
inance with ihit g-nen for fig \. pMe 6%, o^'Ox.'^'ifit- 
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land's Bridgewaler Treatise, where in a diagr 
gimikr to this the wat«r level is described tu be at the U 
a horizontal tine drawn through a. This would perhaps % 
caae theoretically, if we conceive the stratum B thorougfal 
completely porous, and offering no resistance whatever 1{ 
passage of the water. In other words, if we suppose b 
liquid mass, of course the water will stand no higher I 
level of a. This is in reality so far from being the case 1^ 
all valleys, such as that represented in lig. 7, tbe water >| 
at different levels, these heing higher as we 
elevated outcrop and lower as we descend. The obser 
of Mr. Clutterbuck, with reference to the water-level u 
wells between Watford and London, completely ci 



Fige. S and 9 show one of the most conimon modes 4J 
currence wheie the fault X has caused a dislocation { 




' itrala, and brought down the Hiipcrim ibli; btd a ir 
with the porous stratum b. Fig 8 shows the spnng brB 
I the valley at x, but the same effect sometimes ( 
place near the tops of hills or on high table land as at x, ft 
espeoially if the beds in b dip towards x 

Another class of springs is frequently caused by ihffi 
n pervious rocks being filled up with clay or other mattd 
permeable by water. Such are many of the faults ii 
districts, as in tlie carboniferous limestone of Qower,whn 
I faults ore commonly filled with clay, which acts aa a j; 
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ina, and throws out the water at the surface. It lias been ^ 
oburved by geologists that the occurrence of springs in lime- 
Elane districts is one of the best indications of the existence of 
faults. In the carboniferous district of Gower the limestone ia 
traversed by a succession of nearly parallel faults, which range 
across the limestone at right angles to the coast line. The 
linei of these faults are invariably marked on the surface by a 



series of springs breaking 
the Bea, up almost to the 



e far the most c 
level of the sea never cea 
levels are readily affected i 



L different levels from that of 

ummit of the country. The lower 

ipious, and some of those near the 

,e to flow, while those at the hig! 

L dry seasons, and often cease 

Bontha together to yield a drop of water. 

Springs ariaing from faults, unlike those caased byalternar'J 
tiousof strata in valleys of donudation, are by no means confined 
to combes or valleys. On the contrary, they often appear on I 
table lands and other high elevations. The great boundary a 
fault of the Dudley coal field, in the neighbourliood of Wolver- f 
bampton, vhere the magnesian limestone and red eandatoMa 
marls are brought down in contact with the coal measures, gives 1 
rise to numerous springs almost at the summit of an elevated 
district along the margin of the coal fielii. Many of these 
springs burst up in an almost vertical direction, and may be 
teen in several cases breaking through the hard surfaces of 
roada and Sowing over into the gutters. I 

There are numerous other conditions connected with the 
juxtapoBition of strata which give rise to springs. Some of 
these will be noticed in speaking of the principal water-hearing 
formations of this country. In a work of this description, 
however, it would evidently be impossible to go into all the 
details of the subject. Hence we have been obliged altogether 
to omit the phenomena of springs arising from many peculiar 
cases of alternating strata, as well as those arising from the 
un con form ability of rocks and other stratigraphical arrange- 
ments, the consideration of which would be more suitable tor n 
tely geological treatise 
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The chalk ia a formation of great extent, not only in I 
land, bat all over Europe, and tliere U every reason to sup 
that at a former period — of course long before the age of 
tory — it overspread nearly two-thirds of the whole of this 
tinent. Its extraordinary composition, due in a great i 
sure to the eiuvix and other remains of entomostraca 
other microacopic beings, mingled with while mud, like 
of tropical seas, and the debris of coral iElaoda, and aboun 
with large forma of marine organic life, clearly point out 
great conditions under which the chaik of England has 
formed, namely in the deep and tranquil seas of a former w 
Bwarming with all the rich and varied fauna peculiar to 
conditions. To-day we find this great ocean bed of n 
mud hardened, cooEolidatod, and raised up into dry land 
ttipying raany thousand equaro miles of territory, and pre 
icg every kind of undulation and irregularity of surface. ] 
when we come to the outside or escarpment of a chaJk dis 
we find a broken truncated outline, which shows clearly 
Ihia great formation once eitended much further than its 
sent limits, and IeIIb its own tale in language as plainly a! 
two oppoaite chalk cliifs of France and England show 
the chalk has formerly been continuous between the two c 
Iriea. Again, when we see the chalk lost beneath the ter 
Bands and clays which cover it everywhere in the neighl: 
hood of London and in Hampshire, and see It reappear oi 
other side of the baain, we know perfectly well, indcpendi 
of the evidence of borings and wells, that the chalk is con 
oua beneath the overlying strata — these simply reposing 
basin or depression of the chalk, which haa not been raisi 
high as that which appears at the surface. Considerin; 
great extent of the chalk formation, and the numerous ti 
placed within its limits, comprising the metropolis of ( 
Britain itself, besides many other populous places of n 
consequence, it is evident that the hydrographical condi 
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of •ninh a formation must be of great importance. We shall 
tlierefore discuss at Bome length the phenomena of Eprjiigh 
and wells Jii the chalk, aa these have on important beariuj; 
both oa questions of present and future water supply. 

Mr. Prestwich, in his valuable work on the Water-bearinij 
Strata of London, states Che area of the chalk district imme- 
diately Eurroundt[ig the tertiary basin of London at 3734 
square miles, but this ia by no means the extent of the chalk 
formation in England. If we take the whole area of the chalk 
country which extends almost without interruption from Flam- 
borough Head in Yorkshire to near Bridport in Dorsetshire, 
and with few slig-ht exceptions, and except where covered by 
tjTtiftty or newer strata, occupies the whole area between 
rhis line and tlie coast, we shall find the great chalk basin of 
Eng-land occupy an area of not much less tlian 15,000 square 
miles, or nearly one-third the whole surface of England. A 
considerable part of this area is, no doubt, covered by tertiary 
ami other deposits ; hut as the chalk extends beneath these, 
and even inBuences materially the hydrograpbical phenomena 
which accompany them, it is usual to include the whole space 
BO covered as part of the chalic basin. It is true also that 
throughout a considerable part of Kent and Sussex there is a 
protrusion of older rocks coming up to the surface, from which 
the chalk has been denuded, so as to le<ive an abrupt truncated 
escarpment along the whole line of the north downs, and a 
corresponding one along the line of the south downs. Even 
deducting this interposed area cf older rocks, however, which 
is termed the Weald of Kent and Sussex, we shall still have 
for the great chalk formation an area of nearly one-fourth the 
whole of England. According to a rough calculation the 
figures would be as follows : 

Sq. Binsi. 
Wbole area of the chalk basin, iqeluding th° Weald uf Sent 

ind Sussex H,707 

Lm we* of the Wrald 2,18* 
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The trhole area of England, according to the last 
50,782 square miles, and that of England and Wales bS.SA 

CHALK BAGIN OF LONDON. 

The hydrographical conditions connected with the giwl 
chalk basin of London formed a frequent subject of discussion 
Bt the Institution of Civil Engineers ia 1842. The Rev.W, 
Clulterbuck, a geolo^st of some eminence, residing at Wat- 
ford, took up the case of the millowners in opposition to Mr. 
Stephenson's project of conveying spring mater from Watford 
to London. In one of his papers Mr. Clutlerhuck describet 
the line of country through which the river Colne flows. Part 
of this district, he observes, is covered with gravel inroug^ 
which the rain water percolates and finds its nav into the 
chalk, where it accuLnulntea until it rises and fiiidi veut hj 
the small streams of the Ver, the Gade, the Bulboum, and the 
Chess, which are tributaries of the river Colne, Another por- 
tiun of the Colne Basin is covered by the London and plastic 
clays, on the surface of which the rain Sows in open cfaannsls 
into the Colne, rendering it subject to sudden floods. " In 

e upper or chalk portion of the district," says Mr. Clutter- 
buck, " a periodical exhaustion and replenishment of the sub- 
terranean reservoir are continually going on." This he has 
traced through a series of wells, and found to be exactly in 
jiroportion to the distance from the river or vent. Mr. Clnt- 
terbuclc first drew attention to the effect of pumping from the 
deep London wells sunk into the chalk. He stated that the 
effect of pumping during the week was to reduce the level of 
the water to the extent of 5 inches, and that the original level 
was resumed on Monday morning, owing to the cessation of 
pumping during Sunday. The alternations of level are some- 
what varied by heavy falls of rain, or by extraordinary cessa- 
tions of pumping ; but Mr. Clutterbuck assumes, as a general 
rule, that tlie relative heights of water in the wells at soino 
distance from London pointed out and corresponded with the 
metropolitan holidays. 
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Mr. Clatterbuck, in another paper, referred to a statement 
U m Conybeare and Phillips' Geology, (Book I., Chap. IV., 
I page 35,) in which there appeared an anomaly in the height to 
" which the water rises in certain wells on the north side of 
London. Thus, at Mile End, the water stood at the level of 
kigh water mark in the Thames ;' at Tottenham, 60 feet ; at 
Eppmg, 314 feet; and at Hunter's Hall, 190 feet above that 
levd. Rejecting the Epping well, for the reason which will 
be given presently, Mr. Clutterbuck stated, that if a straight 
Kne be drawn on a vertical section from the level of the water 
it Hunter's Hall to mean tide level in the river Thames, it 
will cut the water level in the other wells, and give nearly the 
average inclination of 1 feet per mile, or something less than 
that which he had ascribed in his former paper to the water 
level in the wells between Watford and London. The author 
rejects the Epping well, because he ascertained on the spot 
that the water was derived from land springs, and not from 
the sands of the plastic clay as in the other wells. 

In order to prove the depression caused by the London 
pumping, the author draws a straight line to mean tide level 
in the Thames from a point 3 miles south of the Colne and 
170 feet above high water mark, which is the level of the 
\ Colne at Watford . 

^ This line, which would be fourteen miles in length, and 
^ould have a total fall of 180 feet, or about 13 feet per mile, 
cuts the water level at the point where it is drawn at Hcndon 
Union Workhouse, and at Cricklewood between Hendon and 
Kilburn, from which fact Mr. Clutterbuck infers that up to 
this point there is no depression of level caused by the pump- 
ing from the London wells. At Kilburn, however, the water 
level is considerably depressed below the straight line so 
drawn ; and in fact the water is known to have stood here 
some years ago 20 feet higher than at present, so that he 
attributes this depression to the exhaustion of the water bv 
pumping under London. 
Mr. Dickinson, an extensive millowner residing near Wa^" 
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ford, has kept for some years an ordinary rain ga.D^, and bJio 
one on the principle suggested by Dr. Dalton. This Utter 
shows the quantity of rain falling on the surface, which siab 
in BO far as to be beyond the reach of evaporation, and which 
therefore may be calculated to reach the interior reservoir of 
the chalk formation, from which its springs and rivers are fed. 

Mr. Dickinson has published the results recorded by these 
two gauges for a period of eight years (see page la), namely, 
from 1835 to 1843. It appears from his obeervationB that the 
average rain fall in these years, as indicated by the ordiaary 
rain gauge, was 2(i'61 inches, while the Dalton gauge gave 
only an average of 11'29 inches as penetratiiig beyond the 
reach of evaporation. It further appears in these observB' 
tions, that from April to August inclusive, scarcely anv of the 
lain descended below the reach of evaporation, whilst the 
greatest quantities recorded by the Dalton gauge were usually 
in the months of October and November. It is remarkable 
how nearly the average ubsorption shown by the Dalton gauge 
agrees with that assumed by Mr. Robert Stephenson in his 
report to the Watford Spring Water Company, Mr. Ste- 
plienson assumed that 6^ million cubic feet sank into the earth 
out of a total rain fall of 14| millions. This quantity on a 
rain fall of 26'61, the average by Mr. Dickinson's gBug<i 
would give H"50 inches for the quantity absorbed, whereas 
we have seen that Mr, Dickinson's quantity is 11'29 inches, 
It must he observed, however, that according to Mr. Dickinson 
the minimum, quantity absorbed in certain years falls very far 
short of this amount. For instance, in the year beginning 
September 1840 and ending August 1841, the total rainfall 
was 25'58 inches, and the proportion recorded by the Dalton 
gauge was only 4-67 indies, or less than \ of the total rain, 
fall. Several of the other years give the proportion of ram 
absorbed at less than \, while in four years out of the eight, 
the proportion was rather more than half. 

If these observations of Mr. Dickinson are to be implicitly 
relitd en, it would not be safe to calculate on an absorption of 
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more than 4 incVies on the chalk surface in certain dry years, even 

when the total rain fall is quite equal to an average ; and the 

resilt of course would be still less if we conceive an extremely 

warm average temperature combined with a small rain fall of 

20ins.,i^hich is by no means uncommon in this part of England. 

Mr. Clutterbuck preferred the indications of wells to that of 

the Dalton gauge, and pointed out several objections and 

alleged errors in the results recorded by the latter. 

The streams which flow ofl^ the Chiltem hills, as the Ver, 
the Gade, the Bulbourn, and the Chess, have their origin 
m the water which sinks into the gravel beds overlying the 
cbalk, and which being upheld by retentive beds in the chalk, 
seeks a vent and flows off by those valleys. Mr. Clutterbuck 
describes the district of these valleys as a reservoir dipping 
towards the south, at an average inclination of nearly 300 feet 
in 14 miles, or about 21 feet per mile. 

It appears to be the general opinion of Mr. Clutterbuck, tho 
lateDean of Westminster,and other eminent geologists who ha vo 
studied the subject, that the surface of the subterranean reser- 
voir in the chalk corresponds roughly with a line drawn from 
the river Colne, at Watford, to mean tide level in the Thames, 
below London, They assume that in wells sunk to the chalk 
in the neighbourhood of London, the water will rise to some- 
where about the level of this line. There are facts however 
connected with the variable rainfall at different seasons, and 
the irregular pumping from the London wells, which materially 
affect this water level. Thus a considerable replenishment of 
the reservoir takes place between December and March inclu- 
sive, and during these months the water accumulates in pro- 
portion to the distance from the vent below London. 

During these months the general level of the water line rises 
above its usual height, and the streams make their appearance 
at hiirher points in the valleys. In the season of exhaustion 
ii'S'i\i\y which usually takes place between April and November, 
the water level is depressed, and the streams break out at lower 
points. This variation of level at different seasons sometimes 
amounts in the higher districts to 50 feet oi vetUCV\\\\^\^^^' 



OF EiOXDC-X. 31 



ft.. 



tki diovii Ihat tbe w&ter lizx in Ibe dlstnct bet'xeeTi WatfoTx! 
,. ad Londixi has is iii^in^tSon cf &b:-i IS or 14 fee: per &::>. 
? «idllnt the inrrriLrlis iz: :r.r di^rr!:: iLonb c: L:-ion :« o-lv 
■ dhoat 10 feel per nle. iSr. Frcst^.rr. q-::fs scrr.e chscrvA- 
J Ham made by Mr, W. Bl&L.d en :r.5 beir'nt &: vfhicb w.\:cr 
Utads in two lis€£ cf ■"■ells azout 6 zi.'es apart, rraversir.i: the 

JlUk district ber^een S:rt:::i:bc'Un:e ^^d Maids: cr.e. Ro.vjc- 
■# 
'wjip these obsemrioLs, Mr. Prestwich n^ds that en one :ine 

'^ fc inriination of the ■vrater line is 47 feet per r/.:*.o. and on 

■' 0m other 45 fe&t per mile, cr nearly the same. Ail these in- 

both thMe of Mr. C'iUtterbuck and Mr. Bland. 



to correspond roaghly widi the dip of the chalk strata 
■ iltfae respectiTe districts. In some other observations by Mr. 
irhere a dinerer.ce occars in the water level of 93 feet 
102 feet in distances of less than a mile, Mr. Prestwich 
tiiat these probably arise from some local cause. 

HSPKESSION OF WATER LEYELi IN LONDON WELLS. 

Mr. Clutterbnck stated, in 1S43, that the depression in the 
of Liondon amounted to 50 feet ; at the Hampstead Road 
• and at the Zookgical Gardens, 25 feet. Mr. David- 
•on, fix>iii observations made in IS'22, said the water in ten 
«f the principal wells in London then stood at the level of 
IVinity higli water mark. In 1S43, the water did not rise 
-to within 50 feet of that level, thus showing a depression of 
more than 2 feet per annum. 

CHALK WELLS. 

TTic circnmstances under which water is met with in sinkin&r 
near Watford are thus described by Mr. Stephenson, in his 
report on the water supply. The valley of the Colne is covered 
by a bed of alluvial gravel ( ? diluvial) about 20 feet in thick- 
oess, and on sinking through this about 5 feet into the chalk. 
abundant springs of water are met with, which increase in 
magnitude and force as we descend. 

Mr. Stephenson then describes two experimentp wliich he 



30 CHALK BASIN 

The pumping from the London wells produces not only a 
gradual and permauent general depression of the water line, 
but even causes periodic changes corresponding almost with 
the daily extent of pumping. Mr. Clutterbuck asserts that 
the level is gradually reduced by the pumping during the week 
from Monday morning till Saturday night ; that the cessation 
of pumping on Sunday is marked by the increased height on 
Monday morning, and that holiday times, such as Christmas, 
Easter, and Whitsuntide, may be distinguished. "Thus," 
says Mr. Clutterbuck, ** the measurement of a chalk well in 
London would show the days of the week and the great festi- 
vals by the daily variations ; the seasons would be indicated by 
the average difference in the height of the level at different 
periods of the year ; and the changes of the weather, by the 
falling of the rain, would also be shown." 

Dr. Buckland says Mr. Dickinson's rain gauge showed that 
during two- thirds of the year the rain which fell rarely sank 
3 feet into the earth ; but in November, December, January, 
and February, it passed down into the chalk in proportions 
which accorded so constantly with the greater or less amount 
of rain falling in these four wet months, that Mr. Dickinson 
had been accustomed to regulate the amount of orders under- 
taken to be executed in his paper mills during the following 
spring and summer, by the indications on this rain gauge of 
the quantity of water that descended more than 3 feet in the 
preceding winter. 

Mr. Dickinson said the quantity of rain which penetrated 
the chalk in the four months from November to Februarv, 
varied from 6 to 1 7 inches, the former quantity being sufficient 
to cause the flow of the principal springs. 

ON THE WATER LEVEL OR LINE OF SATURATION IN THE 

CHALK. 

The inclination of this line in different parts of the chalk 

basin appears to vary with the dip of the stratification, and 

sometimes presents anomalies which are probably caused bj 

some phenomena oi a merely local nature. Mr. Clutterbuck 
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i that the crater line id the district be| 
QD has an ioclination of about 13 or H 
.Vie incliDatioii in the district north of I 
feet per mile. Mr. Prestmch quotes «. 
ie by Mr. W. Bknii on the height al J 

two lines of wells about 6 miles apart, trave 
trict between Sittingbourne and Maidslone. or 

» observations, Mr. Prestwich finds thi - uijc i 

nation of the water line is 47 feet per and on 

r 45 feet per mile, or nearly tlie same. heee in~ 

?, both those of Mr. Clutterbuck and Mr. Bland, 

correspond ronghlj- with the dip of the chalk strata 
apeclive districts. In some other observations by Mr. 
rhere a difference occurs in the water level of 93 feet 
: feet in distances of less than a mile, Mr. Prestwich 
t these probably arise from some local cause. 

tESSION OF WATER LETEI. IN I.ONDON WELLS. 

^latterbnclc stated, in 1643, that the depreBsion in the 
f London amounted to 50 feet ; at the Hampatead Road 
; and at the Zoological Gardens, 25 feet. Mr. David- 
tn observations made in 1822, said the water in ten 
irincipal wells in London then stood at the level of 
high water mark. In 1843, the water did not rise 
a 50 feet of that level, thus showing a depression of 
an 2 feet per annam, 

CHALK WBLLS. 

ircnmstances ander which water is met with in sinking 
stford are thus described by Mr. Stephenson, in his 
n the water sapply. The valley of the Colne ie covered 

1 of alluvial gravel ( ? diluvial) about 20 feet in thick' 
d on sinking through this about 5 feet into the chalk, 
t springs of water are met with, which increase iu 
de and force as we descend. 

itepbenstm then describes two experimentF which be 
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ed to be mnie &t a well purposely ?unk iu Qu^hey meifl 
The first set of experiraents waa intended to show whethM 
BpringH which are met with imraediately on Binkiog intd 
chalk derived their supply from the river, aad the result «i 
te gauging of the river showed that no effect wbatevM 
\ produced when the water waa repeatedly pumped out ofd 
34 feet in depth. He inferred from this that all directfl 
munication between the river and the springs was cut a 
the clay bed in which the former Sowed, M 

1 the Tring cutting on the London and North-Wej 
Railway, springa were met with which yielded a million gM 
per day, and although this part of the country is maM 
higher than Watford, the chalk was found to be so satin 
with water that it was estrcmely difficult, and even impCM 
by ordinary means to sink wella a depth of 60 feet. M 

Mr. Prestwieb ia of opinion that water doee not c^M 
through the chalk by general permeation of tbe masB, buicd 
through fiaaarea. He obaervea, that if a shaft be eoidl 
ohalk to n dopth of eay 30 feot below the level at whin 
water standa, and the water be pumped out, it will be r^B 
by the abstraction of water from the communicating fid 
and the distance to which these will be affected depetil 
several circumstancea, but chiedy on the head of water ■ 
above the level of the point of draught. In the higherM 
districts the fiasures are soon exhausted by pumping, ana 
Bland mentions an instance in the high chalk district faeH 
Maidstone and Sittingboume where the pumping' at onfl 
drained another nearly a mile distant. At lower levels m 
chalk district, however, und especially along the bonndd 
the tertiary area, as at Watford, the head of water ia na 
much higher than the surface of the ground, and weUsl 
here can draw their supply from the whole mass of im 
chalk lying beyond, and at a higher level. Hence the M 
ufpumpmg in this situatioa is much leas sensibly felt tU 
I the higher chalk districts. Mr. Paten, who was prodnM 
L B witneas in favour of the Watford supply, before thtM 
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ring. He then sunk a 12 inch boring in Bushey mea- \ 

the same depth of 134 feet, and this boring yielded 
) gallons in 24 hours. His next experiment was made f •' 

ng a shaft 20 feet in diameter and 34 feet deep. This \i : 

ached the chalk at 21 feet deep, and was sunk 13 feet 
! chalkj the last 8 feet being solid chalk. At this depth 
set the shaft yielded two million gallons of water per 
24 hours. He then made four borings, each of 5 inches ^^ . 

;r, in the bottom of this shaft. The borings being 100 fi 

!p, the whole depth from the surface was 134 feet, and o 

)le yield of water was then three million gallons per day. J ■ < 

urther states that there are many wells in the neigh- 
Dd of Watford yielding 400,000 gallons per day, and 
four borings, which together yielded 1^ million gallons, 
med to be of opinion that in the neighbourhood of ^ 

d the subterranean sheet of water is so abundant as to 
baustible, and that borings do not affect each other 
]en made at very short distances apart. 

great mass of evidence which has been brought for- |. 

f late years goes to show that a large supply may J;., 
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k Bufficient supply of water, and it was not tilt the wlolt 
tfaicknees of the chalk was traversed that water was ohlaincil. 
Moat of the large wells at the breweries in London are sunk 
from 200 to 300 feet into the chalk, and at this depth few of 
them yield more than a hundred thonsand gallons a day. The 
WsUin the Hnmpstoad Road, snnk by the Now River Company, 
the well at Sonthampton, the famona artesian boring at Gre- 
nelle, and more recently the one snnk byM. Malot at Calais, 
have all failed in procuring any large Bnpply of water from the 
chulk. At the same time it baa been stated, that the aggre- 
gate yield of all the wells sunk into the chalk in the neigh- 
boarhood of London is not less than 10 million gallons a dny. 
Some doubts have been expressed whether the water of the 
chalk be distinct from that of the overlying sands of the plastic 
day. 

[r. Ctutlerbuck appears to think there is no real distinction 
between them, and that the water is all derived from the chalk, 
from which it rieea np into the sands. 

Mr. Simpson, on the other hand, considers the waters of the 
two formations are distinct, as they riie to different lerels. 
J observes, that previous to 1830, there were many cver- 
wing artesian wells on the west side of London, and he 
lievea.that in the majority of these the water came from the 
chalk. (See his paper presented to the Institution, giving an 
account of 67 wells.) 

Fig. 10, which is a section from Tring in Hertfordshire, to 
. Seven Oaks in Kent, will serve to illustrate the principal hydro- 
graphical conditions of the London chalk basin. In this sec- 
tion A is the gault clay, an impervious stratum, which under- 
lies the firestonc, chalk marl, and chalk. The tirestone and 
■ chalk marl are not shown in the section, because it is believed 
in this chalk hasin the water penetrates ibrougli both of these, 
js really not stopped till it reaches the gault. In the south 
downs, however, it is otherwise, for there I.ydden Spout, 
ind other copious springs are thrown out by the chalk m&rl, ■ 
IB the great mass of chalk SOU or 1000 feet in thickness. 
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l*vel of high water mark in the Thames is represented by the 
horizontal line a b, and the presumed line of saturation 
or height to which the water from the chalk will riao at 
anv point between London and Tring, is represented by the 
inclined line c d, drawn from the top of the gault below Tring 
to tide level in the Thames at Lewiaham. where the chalk is 
exposed in the basin of the Thames. It will he observed that 
in this section I have not shown the beds in one eontinooBS 
uninterrojited basin-shaped arrangement, but intersected by two 
faults, marked No. 1 and No. 2. The fault No. 1, which 
brings down the London clay d to the level of, and in contact 
with, the chalk, is clearly exhibited on the North Kent and 
London and Brighton Railways, both of which it intersects at 
New Cross, in a north-east and south-westerly direction. It 
has been well described by the late Mr. De la Condamio^ 
in a paper read before the Geological Society of Loodon, in 
June, 1850.* With respect to the fault No. 2, although not 
exposed at the surface, we have good evidence of its exist- 
ence ftava vrcll sections. Thus, the depth to the chalk below 
Trinity high water mark at Gray's Inn Lane, the Hampstead 
Road, Tottenham Court Road, and the Regent's Park, Tariet 
from 80 to 100 feet ; while at Trafalgar Square, Wandsworth, 
and Chelsea, the depth varies from 250 to more than 300 fee^ 
which shows either a fault or a very great curvature of the 
strata. Mr. Prestwich believes that this fault or asis of elevK- 
tion, whichever it be, passes along the vallev of the Thamet, in 
an east and west direction. It is clear that this fault as well 
as the one at Lewisham, No. 2, would be intersected by 
ihe line of our section. The main drainage of the chalk for- 
mation is not 90 much interfered with by these faults as might 
be supposed at first sight. The hne c d shows the height to 
which the chalk is probably saturated with water, accord- 
ing to the views first promulgated by Mr. Clutterbuek, and 
afterwards corroborated by the Dean of Westminster and other 
• rutliahod ia Vol. vi. of tte Q,aartBrly Journal of the Geological 
Society, page iiO. 



eminent geoIogistB. The drainage of the chalk will still lake 
place at d, notwithstanding' the faults, because the commnnica- 
tion between the separate masses of chalk is Etill uu interrupted, 
the fault being prohahly not filled up with impermeable clay 
and made into a puddle dyke, aa happens in some districts. 
According to the views of Mr. Clutterbuck, the water will rise 
in wells between Tring and London, to the level of c d. and he 
has found by measuremeots of numerous wells intermediate 
between the two places, that the water stands at, or nearlv at 
this height. It will be observed that the ground at Watford 
lies below the line of saturation e d, and this accounts for the 
numerous springs which break out in the meadows there, and 
for the fact, that every eicavation, made only a few feel in 
depth, is immediately filled with water. Again, it will be 
observed, that a part of the London clay district, close to the 
metropolis, lies below the line of saturation. This is precisely 
the condition under which artesian wells may be expected to 
yield a stream of water that will overflow tlie surface. On 
boring down through the London clay, o.to the chalk on either 
side of the fault No. 2, we come to water which is acted on by 
Ihe pressure from Tring or Knockholt as the case may be, and 
which, as soon as the boring is effected, rushes up through it 
and rises above the surface namely to the line c d. This is 
Ilie explanation of many overflowing artesian wells in the 
neighbourhood of Fulham, Brentford, and other places in the 
valley of the Thames. 

The section, fig. 10, differs somewhat from that given by the 
Dean of Westminster, in his celebrated Bridgewater Treatise, 
where the line of saturation is drawn horizontally at the level 
of the low ground at Watford : and in the teit of that work it 
ia said that the water of artesian wells will rise to this level. 
I prefer, however, the view taken by Mr. Clutterbuck, and 
which I have here ventured to follow, and I do this without 
hnplying the smallest disrespect for the opinion of so eminent 
" geologist aa the Dean of Westminster, because I under, 
aland that in the discuEsiona which took place in 1S42 — 3^ 
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on the views and opinions of Mr. Clatterbncky the Dean ez« 
pressed his agreement with him on this point.* The ^suilts 
which I have ventured to add in the section have only been 
brought to light within the last few years. 

I 

FAULTS AND DISTURBANCES OF THB CHALK DISTRICT, INFLU- i 
BNCINO THB PHENOMBNA OF SPRINGS AND THB HBIOBT OF { 
WATER IN WELLS. 

The chalk basin of London appears to be intersected by 
two principal lines of disturbance, one of which has nearly an 
cast and west direction, and follows the course of the Thames 
from the Nore to Deptford.-f The other is supposed to be 
nearly at right angles to this passing across the Thames near 
Deptford, and ranging nearly north and south up the valley of 
the Lea, towards Hoddesdon. The North Kent and London 
and Brighton Railways cross these' lines of disturbance near 
their intersection at Lewisham, and exhibit a curious series of 
small faults in a direction from north-east to south-west, or 
nearly in a diagonal direction with the main lines of disturbance. 

The general effect of these faults is to bring down the ter- 
tiary sands, and sometimes even the London clay, to the same 
level as the chalk. This will be understood from ^g, 11, which 
represents a section taken across the fault from west to east, in 
the neighbourhood of Lewisham or New Cross. A similar 
section, from north to south, across Blackheath, shows the 
chalk below Blackheath and Greenwich Observatory, in con- 
tact with the London clay under Greenwich marshes, j! 

Fig. 1 1 explains the influence of this fault, on the height at 
which the water will stand in wells sunk down through the 

* I find the Dean saying, in the discussion at the Institution of Civil 
Engineers, May 31st, 1842, **Mr. Clutterbuck*8 repeated observations upon 
wells along the line in question must be considered to have proved the 
existence of this inclined line." 

t Prestwich, p. 40. 

t See a very interesting paper by the Rev. H. M. De la Condamine, 
M.A., on the tertiary strata and their dislocations in the neighbourhood of 
blackheath. Vol. vi. Quarterly Journal of the Geological Society, p. 440. 



3D 

tmloa olay. A b 19 a line representing the fault, on tbe nest 
e of which the imperv ioas mass of the London clay is llirown 
■n in contact with Ihn porous beds of tertiary sand and 
Ik, so that the water in these sands will stand at the 
:l F on the east side of the fault, and not higher than d 
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west side : the difference between the depths of b p and 
D will show tbe different level to which the well will require 
he sunk in the two cases. 
The wells in Essex, even on the east side of the fault, are 

imonly of great depth, but this is principally owing; to the 

eral elevation of the country, which renders it necessary to 
netrate through a great thickness of the London clay, sonie- 
»es nearly 400 feet, before the same sanda can he reached 
lich, at Tottenliam and Mile End, are found from 50 to 100 
* below the surface, and which at Lewisham, Charlton, and 
ooJwich, are actually at the surface. 

At Bow, Stratford, and West Ham, the water stands in wells 

■bout the height of high water mark in the river Thames, 

many parts of Essex it stands as much as 330 feet 

ibore that level. It is not probable that the whole of this 

it difference in elevation is caused by the fault, although 
portion of it may he so accounted fcr. The tertiary 
are not uniform in composition over extensive areas, and 
impossible that the flow of water through them may be im- 
led by interposed lenticular masses of claj , an4 teia la'aQ.i 
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of the anomalies in connection with the Essex welb may, in 
aomc ilegree, be explained. 

In addition to the fault which has been already alladed toai 
traversing the London dittriet in a north and sonth direction, 
there is another line of elevation passing east and west up the 
valley of the Thames, which appears either to have disrupted 
and broken through the strata beneath the London clay, or to 
have bent them into a saddle-shaped form, and brought themnp 
withinucomparativelysmall depth from the surface. Thidlineof 
disturbance, however, does rot appear to have influenced the i 
hydrographieal eondilions of the chalk district nearly so maeh 
as the position occupied by the chalk in connection with the 
impervious strata on which it rests. If we trace the whole 
line of the chalk formation, both in the north and south downs, 
in Wiltshire, Hants, and again, in Hertfordshire and Cant- 
bridgeshire, on the north side of London, we shall find a re- 
markable difference in its hydrographieal aspect. For instance, 
along the whole range of the north and south downs, if we 
except the ineignificant streams of the Ravensbaurne and tbfl 
Wandle, the uniformly arid nature of the surface is not varied 
hy a single streamlet, nor is a spring to be found any where 
on the surface of the chalk, except where the lowest marly 
beds give rise to springs nt a level fer below the general sur- 
face of the downs. But in the great development of chalk in 
Wiltshire and Hants, and, in fact, more or less throughout the 
whole of the chalk country on the west and north sides of the 
London basin, streams of all sizes rise from the chalk and flow 
over its surface. 

This remarkable diiferenec is due, no doubt, to the relative 
elevation of the chalk and of the gault formation which passes 
entirely beneath it, and is only separated from the lower 
chalk hy a comparatively small thickness of firestone or upper 
green sand. Whatever may be the retentive capacity of 
the lower marly beds in different varieties of chalk, and at 
different parts of the range, it may bo laid down as a general 
rule that water, in any considerable quantity, is never met with 
much above the level of the gault, which serves, in fact; as ■ 
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burner or dam to keep up to its own level the water that 
has penetrated the chalk. Hence^ if the arrangement of 
these strata in any district he sach that a large surface of 
chalk is greatly elevated ahove the gault, then we shall find a 
dry and parched surface on which the water no where seeks an 
open channel, until it arrives at the level of the gault. Below 
tins level the porous heds of the chalk and the upper green 
nnd are already saturated with water, and therefore the new 
supplies furnished hy rain and snow, after having filtered 
tbroogh the chalk down to this level, will either overflow or 
force out the water which lies heneath, and already fills up the 
cre\'ices and hollows of the chalk. Now, in the elevated 
ranges of chalk, the position in which this eflect takes place is 
not less than from 300 to 400 feet helow the general level of 
the downs, so that in such districts the area of chalk country 
lying below the level of the gault is in extent quite insignificant, 
I consisting of a few hundred yards in breadth on the outcrop 
I side of the chalk summit, and 'jf a few narrow valleys which run 
np from the tertiary surface into the chalk country. Through- 
out the greater part of the elevated ranges of chalk, these are 
the only portions which are irrigated by natural streams. The 
great mass of the chalk, composing both the north and south 
downs, in Surrey, Kent, and Sussex, is therefore quite dry, and 
it is found that borings in the higher part of the range have 
to pass through many hundred feet before a drop of water can 
be obtained. 

But in the less elevated districts of cUalk, as in the counties 
of Bucks, Herts, and Cambridge, the level of the gault is not 
remarkably below the general level of the chalk, which in this 
part of England is nowhere distinguished by the bold moun- 
tainous features which prevail in the south-eastern counties. The 
chalk of Hertfordshire, in particular, is traversed by numerous 
valleys which are watered by copious and constantly flowing 
streams; a peculiarity which no less than its main physical features 
distinguishes it in the eyes of the agriculturist from the dry and 
barren downs of the south. The valleys in which these streams 
Boiv are usually not much below the level al ^\\\e\\ \\\^ ^^v^*^ 
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crops out, but are probably points at which a line joining tkt 
outcrop of the gault and the permanent line of chalk drainage 
cuts the surface of the ground, as explained in the description 
of fig. 10; on the north and west sides of London it appean 
to be the gault which keeps up the water, but in the south 
downs the same office is performed by the chalk marl. 

It is remarkable that the streams which rise in the cbalk 
of Herts and Bucks, as the rivers Verulam, Colne, Gade, &&, 
together with those of the Chesham, Amersham, and Higl: 
Wycombe valleys, all flow in the same direction as the dip 
of the chalk, whereas the small streams which rise in the 
Surrey and Sussex downs flow off the chalk and in a diree- 
tion contrary to its dip. 

It will appear obvious that borings, which penetrate the 
chalk of Hertfordshire to a very small depth, namely, to the 
level of the valleys in which streams already exist, will meet 
with water in abundance ; for in such borings the water will 
evidently stand at the same level as that of the streams which 
now rise in the country. In the neighbourhood of Watford 
and Bushey main springs of a very copious character are met 
with on sinking a few feet below the surface ; and at higher 
levels the water is found, even before sinking to the level of 
the main springs or point of saturation, because the water is 
intercepted in the course of flowing towards that level of 
saturation. In some works recently executed at Watford for 
supplying the town with water, under the direction of Mr. 
Pilbrow, C. E., a well of 9 feet diameter has been sunk about 
30 feet into the chalk, and a considerable pumping power was 
found necessary to keep down the main springs during the 
progress of the works. 

Stephenson's experimental well at Watford yielded 1,800,000 
gallons per day. And the excavation of the London and 
North-Western Railway at Cow Roost, which cut through the 
gault and thus gave a passage to the water from the chalk in 
a north or north-west direction, had, during the execution of 
the work, a considerable stream flowing at the foot of the 
slope on each side of the cutting. These streams, which are 
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now arclied ever and conducted in culverts, are said to have 
gelded 1 million gallons per day. 

Streams and rivers in a chalk district are commonly more 
equal and uniform in volume than those in clay districts, and 
are not so liable to be swollen by floods as the latter. It is 
in consequence of this, and of the more absorbent quality of 
the chalk, that the streams are comparatively much fewer 
m chalk districts. Not only are the streams much less in 
Aumber, but the bridges and culverts made to carry off water 
to the chalk districts, present a most insignificant area com- 
pared with those in clay districts of similar extent. This fact, 
which I believe was first noticed by the Dean of Westminster, 
was used with very good effect by Mr. Homersham in pre- 
paring a sort of popular comparison between districts of clay 
on the one hand, and chalk on the other. 

According to Mr. Homersham' s measurements, it was found 
that the water-way of arches in clay districts varied from 8 to 
17 superficial feet for each square mile of drainage area, while in 
chalk districts the water-way varied from ^rd of a foot to 2 
superficial feet per mile of drainage area. Mr. Homersham gives 
one example, namely, a part of the river Blackwater having a 
water-way at Coggeshall, in Essex, equal to 3 square feet 
per mile of drainage area. This, however, is not a fair 
sample of a clay drainage, as this river flows over a consider- 
able extent of the crag formation, where it very thinly covers 
the chalk, and some part of its upper course is even through 
chalk. Mr. Homersham has similarly quoted against himself 
the water-way of several rivers whose course is partly in chalk 
and partly in clay. On a careful review of his table, the least 
Water-way which I can find in a pure clay drainage is about 
8 feet per mile, ranging up to 13 and even 17 feet ; while the 
♦irater-way in chalk districts varies from ^rd to ly square feet, 
except in the case of the river Beane, the drainage area of which 
contains a large proportion of impermeable drift. In this 
case, the water-way haft an area of 2 square feet per mile of 
drainage. 
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It 18 probable that the most copioaa single springs of the^l 
chalk do not yield more than from 3 to 500 cubic feet per 
minute, as will be seen more particularly from a table of these 
springs in the Appendix. At the same time, it is certain that 
streams flowing through chalk districts receive a gradoal 
accession of water, which can only be due to invisible springs 
breaking out in the beds of the rivers, and therefore not 
capable of being seen or separately measured. The facts in 
the following statement of gaugings, relating to the river Lea, 
are on the authority of Mr. Beardmore, by whom they were 
supph'ed to Captain Vetch, and given in his evidence before 
the Board of Health in 1 850, and before Sir James Graham's 
Parliamentary Committee in 1851. 

Tables showing the increase of the river Lea from in- 
visible springs in the bed of the river. 

Cube feet per minutt. 

Gauging at Field's Mill after deducting the proportion 
brought down by the Stort and the Ash . . 6,444 

Gauging at Ware Mill, 5^ miles above Field's Weir 
after deducting the quantity abstracted by the 
New River 5,344 

Increase from springs between Ware Mill and Field's 
Weir 1,100 

Again, the four rivers which meet at Hertford, namely, the 
Lea, the Beane, the Rib, and the Mimram, were all gauged 
at points very little above the common meeting place, the 
most distant being the gauging of the Mimram at Pais- 
hanger, 2 miles above its junction with the Lea. 

Cubic feet 
The gauging of the Lea, after receiving all the above 

streams below Ware Mill, is .... 6,594 

The separate gauging of the four streams . . .6,159 



Increase from springs principally between Panshanger 
and Ware Mill 435 

Tlie above gaugings, which, I presume, were all accurately 
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; nay interruption in point of time, show that 
hanger and Field's Weir, a distance of about 
■e is an increase of 1535 cubic feet per niinati; 
spring, in addition to from 3 to 500 feet, the 
I Chadwell spring, which breaks out at a suffi- 
)ove the river to be meaanred mitli accuracv. 



, in 1S34, foand the volume of the Verulam nt 
I little above Watford, equal to 1800 cubic feet 
d that of the GadD equal to 2520 cubic feet, 
of the Wandle, with a drainage area of 35 square 
1 in the evidence before the Parliamentary Com- 
, was 2633 to 3000 «ubic feet per minute ; bat 
me at Wandsworth near its junction with the 

:b, who has investigated the subject of chalk 
e attention in reference to the supply of London, 
if Hue of levels to be traced at a height of 148 
h water mark, and proposed to abstract the 
s height, with a view of bringing them into 
fficient elevation to supply the high service, 
ig table gives the result of Captain Vetch's 
k streams at this level : — 



"^'eSilk 



ith, near Sburcham, ii 
ings at Orpington 



lore has gauged with great care all the chalk 
; to form the Lea at Hertford, and has added the 
>f each aa follows:— 
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Cubic feet per Square miles of ^^ 
minttte. drainage. oft 

Lea proper at HorriB MiU . 2096 112 

The Beane at Molewood . 1483 83 1 

The Rib at Ware Park . . 959 61 1 

The Mimram at Panshanger . 1532 29*3 I 

The following gauges are by others : — 

Lea at Lea Bridge . . ' . 8880 570 

Waodle below Carshalton . 1800 41 

Verulam, Bushey Hall . . 1800 120*8 

Gade, Hunton Bridge . . 2500 695 

There is something very remarkable in the great di 
of the Mimram and the Wandle, which amount to three 
much per square mile as the other chalk rivers. This 
been satisfactorily explained^ nor does it appear clear 
this disposition is due to the drainage areas of these 
being less absorbent and more covered with impermef 
than usual, or whether it be due to faults or lines of 
ance traversing the chalk districts. The Wandle flowi 
through a clay country, and can only be called 
stream, in consequence of the supply which it recei^ 
the chalk springs at Croydon, Beddington, and Carsl 

There seems to be evidence of a peculiar line of dis 
throughout the whole chalk district between Saffron 
and Maidenhead. A line joining these two places will 
with some very remarkable reaches of valley which li 
north-east and south-west direction. I may insta 
part of the river Rib between Widford and Hertford, 
culiar course of the river Lea, between Hatfield and \^ 
the whole course of the river Colne from Hatfield to ' 
in which Captain Vetch states there are many swallc 
This subject requires more minute investigation than i 
received, and may possibly have something to do with 
up the water in the valley of the Mimram, and prodi 
extraordinary discharge at Panshanger. 




Figure 12, representing a Bection acroas the chalk escarp- 
>ncnt «s at Merstham, in Surrey, ahows one set of conditiont I 
connected witli tlie cbalk springs. Here a represents th«l 
cbalk, b the cttalk mftrl, whicb tlirows out powerful spring at^ 
Lydilea Spout, and many otlier places along the south-coast; c 
ia the upper green sand or firestone, d is the gault clay, and the 
dotted line e_^shoivs the liueofdrainoge or subterranean flow of 
'dp water, held up by the ebalk marl and saturating the lower 

■ h of the chalk. In such a case as that represented bj this 
' ^Tam, no springs will be found at e, because the water will 

■ iijily hare its subtemuicau course in the direction of/. 
Sjiriiigs wiil probably break out however nt^, which represents 

jioiut where the water liue cuts the siurface of the ground, 
'>'. in other words, where the surface of the ground is below 
tlie water line. Few great challi basins have their edges or 
I'irciiinference entire, but are commonly interrupted and broken 
liirough by seas or great rivers, whicb drain alike the waters 
' :l die Burfacc and those which flow in subterranean sheets. 

1 I'l-'llowa from this, that the line of saturation e/ianot hori- 
■■'tal, as in an ordinary basin, like that in which rests the 
'!:[| of Hnmpstcad Ileath, but has an inchnation towards the 
1(1 at which it is drained into the sea. The inclination of 
:- Une has been carefully ascertained on the north side of 

! Nnton by the Hev. Mr. Clutterbuck and others, who have 

!' rmined, from observation of the wells, &c., and the heights 

- idiich the vrater stands in these, that the water leeel, aa it 

^11 been latterly improperly termed, or the line of saturation 
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has an inclination of about I la 400, ot 13 feel jier 
111 otlier pnrts of tlie chalk district, as shown in ite pre- 
ceding pages, the inclination of this iine is prcbablj 
less than -10 feet a mile. Referring again to the diagram,' 
the point g marks the position of numerous places Iratli 
iu this country and in France, where the finest springs brcik 
out in great abunUance, It is probable that the springs 
Croydon and Corshalton, which feed the river Waudle 
the south side of London, as well as those of Watford md 
other placea on the norili and west, have their origin undtt 
these circuinstHnces. The towns of Guinea and St, Oiiier, 
the Pas de Calais, hove springs of great povrer and abundao 
rising in the same manner and under the same circnmstanc 
In nearly all parts of this country the chalk presents a section 

Fig. 13. 



of the kind shown in fig. 13, a being tha short elopo or f& 
carpment side, and h the long slope or direction in which ths'l 
Btrata dip underneath, and the ground natorally inclines oc I 
the eurfaco. A groat number of towns, situate on the long \ 
, slope of the chalk, derive on abundant snpply of spring I 
water, because they occupy the position represented by i; ia 
fig. 12. Amongst these in the London chalk basin maybe I 
mentioned St. Albau's, Hemel Hempstead, Chesham, Wst-I 
ford, Amersham, High Wycombe, and others north and we«tfl 
of London. In a similar position are Andover, Winchester, I 
Croydon, and other places situate on the long slope of ^Q I 
north downs. In the chalk wolds of Lincolnshire we have I 
Louth and Alford occupying a similar eituation, and possess- I 
ing similar copious springs ; while along the line of the south I 
downs we find Fareham, Emsworth, Lavant, Chichostor, and I 
other places erj^nally remarkable for copious chalk springs. 
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Vigfi. 14 and 15 repreBoni sectiona across a chalk escarp- 
Bent, illnatrating the mode in 'which springs occar on 
the short or escarpment slope of the chalk. In fig. 14, the 
dulk mari ie shown bent upwards at h, ia such a manner thnt 
tbe water falling on and sinking into the porous chalk a, will 
ft™ backwards and break out in springs at e. In fig. 15, the 
tklk marl is faulted at h in anch a manner that the water 
»ill be retained in the water-tight depression between e and 
Inntil it accumulates and breaks out in springs at e, as before. 
Wherever springs break out under the chalk escarpment, iit 
Ihe top of the chalk marl, as at Lydden Spout, Cheriton, and 
«Mny other spots along the line of the south downs, they an- 
probably caused by the configuration shown in one or other of 



The same effect of a spring at e will be produced if wc 
conceive the chalk marl to be simply compressed laterallv, sis 
(hown in fig. 16, The ridge there shown at x, provided it be 
at a higher level than e, will produce a spring at e in the 
came manner aa the actual rupture of the strata exhibited in 
fig. 15. 

INTERMITTENT SPRINGS. 

Tliere is yet another class of springs in chalk districts, 
»Hich it may be desirable to notice. These are the inti 
li^iiTi-nt or varving springs, such as the Kavensboui 
''iliers of the Surrey downs. 
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This streiim of tlie Ravonsboumo breaks oat ahoi 
niles south of Croydon, ia the valley along which pa9 
the high road from Croydon to East Grinstead. The poil 
where it firet appears is in a flat part just below BirchwOOi 
ise. This point is situated between the Half Moon h 
nt Caterham Bottom and the inner entrance to Marden Pad 
Its appearance at the source is indicated by a series 
jetB, none of them more than a quarter of an inch ii 
ter, but so numerous that in the course of 20 yards the ■« 

1 these jets is sui&cient to form a stream ; and this ll 
creases in size till, at Catorham Bottom, it may almost ( 
called a river. The point at which the stream first appeM 
is about 350 feet above Trinity high water mark, and it fi 
towards Croydon at the rate of about 36 feet per 

The Bourne broke out in tho early part of 1837, ttaii 
the 16th February, 1840 ; on the latter occasic 
force, filling not only its UEual channel in the Iliddlesdo<4 
valley, but overflowing the adjacent land for s 
It appears that in tho neighbouring quarries south of V 
Bourne BOnrce, water moatly appears in the aatni 
vionsly to the eruption of the Bourne, so that from t 
of their quarries the workmen confidently predict t 
ing of the Bourne. It is said the works oi 
Railway, especially the tunnel driven through the ( 
Merstbam, four miles west of Caterham valley, werfl 1 
retarded by water at the time the Bourne stream brokSfl 

Mr. Prestffich explains the phenomena of the Bourn 
Lavant in Hampshire, and other intermittent springs, bj ^; 
tion of the kind shown in fig. 16, in winch the chalk I 
bent into an undulating form, having a saddle back at J^ 
a depression between x and y. When the depression I 
x and y becomes filled up, the water will flow < 
summit a; and be discharged at a, which opening i 
the longer leg of a syphon. The discharge will c 
the reservoir between x and y is cshausted, when the 1 
tbe spring wiU stop till tlie resetvuVt \a o^xiie^lcn 




, b represents the top of the chalk marl, eud e^ 
saturation, when the basin between *■ and y ia 
>, ivhea the spruig is flowing. It will be ol>- 
, in order to produce a spring at S, the level at 
it X must be below the level of y, the outcrop 
k. marl. If it were otiierwise, namely, if y 
we should have a spring at y, as in fig. 14. A. 
the strata, as shown in fig. 15, would produca 
ect of a spring tt y, if the point x were higher than 
'therwise. 

ibable that along the range of the chalk escaip- 
rarious conditions, exhibited in figs. 11 to 16, 
e met with at different points, as, for instance, in 
leys, where they influence the hydrographical phe- 
li in its own peculiar mode. 

oarkable that nearly all the rivers which flow 
chalk district, whether they rise on the chalk 
lether they rise beyond and break through the 
have their course in the same direction as the 
halk beds. The only exceptions are to be found in 
hes of the Cam, and other small streams in the 
■n district. These, however, will be found to flow 
f the chalk where the drift accumulations are very 
vbere the chalk is entirely obscured by these. 
ital course of the streams in chalk districts being 
e dinction as the dip, has given rise ta the ex- 



»BBion, that the Buhtorrnnerm flow of water follf 

ae direction as that of the snrfoce. This i 
a!l formations, however, the fact heing frequently { 

'Ee ; for instance, in the mountain ILmestono, tha]l 
generally flow through great chasms in a direction t 
to the dip of the beds, wliich are commonly rery h 
chned. In other words, the beds usually dip up stream si 
f down. Magnificent examples of this are to be i 
the defile of the Avon below Bristol, and on 
n the streams of the Gower district, beyond Swansea, 
mention a stream at Bishopton, in the tract of Gower,^ 
rises in the coal measures, and, after flowing g 
1 winding course, comes suddenly up to a hmesCone i 
in which the beds pitch as steeply as the roof of g ]| 
and appear at some distance to oppose a solid harrier. 

,rer approach, however, a large cleft or chasm i 
through which the stream dashes with great rapidity, 
it pursues its course through a deep hollow glen, 
way to the sea in a southerly direction, the beds I 
time dipping to the north. It is evident when merailf 
a direction opposite to that of the dip of inclined s 
the subterranean flow of water must be in an exactly tt 
direction to that of the surface flow. 



0¥ THE CHALK FORMATION. 

Viewed in relation to the entire surface of the earth itq 
by geologists that the cbalk iias at least covered all thoio 
lying within the extreme limits at which it i 
1 fact, we seem to have little more left either ii 
r the Continent, than the broken irregular edges of a 
basins which were once continuous with each other. 

In France we have the edges of what has been cnllu 
Pyrenean Basin, the Mediterranean* Basin, and the i 
Parisian Basin, The ehnlk of England, from the < 
* Coiirs Elemeataire de raleotitologio «t de G&logie StmtigP 
u- M. Alcide D'Orbignj, tome 2, tascicuAaa Inl, t- Wl. 
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)onelshire to tbe Humber, with iU continuaCioD into Yorl- 
re, forms the north western extremity of the Anglo-Pari- 
1 basin, while the chalk hiUa of the north and south 
'□9 are merely ridges inside the basin, raised up by the 
'Story movement which has brought up the jnrasMc,* or 
comian strata of the Weald, within the area of the true 
Ik basin. 

Besides its immense development in France, Spain, and the 
iditerranean, i& the three great troughs or basins wliich have 
ID mentioned, particular members of the cretaccoua formation 
found in many other parts of the world. They occur in 
Igium, llollaud, Prussia, Westphalia, Hanover, Saxony, 
" emia, Poland, Sweden ; also in Mingreha, Circnssia, Geor- 

the Caucasus, Bulgaria, Scrvia, Wallachia, Tratisylvania, 
Volhynia, and PodoUa, Immense surfaces of chalk 
tend across Russia from Poland to the Ural Mountains. 
North America the chalk formation extends over 35° of 
itode, from Texas to the eastern part of New Jersey, In 
inth America the chalk has been observed in New Granada, 

Peru, in Chili, and the Straits of Magellan. In Asia it 
iets in Pondicherry and in Java. 

In the western hemisphere, therefore, we find the chalk ex- 
X Jersey at 35° of north latitude, and extending 
the farthest extremity of South America, or 53° of south 
Situde. In Europe it extends still further to the north, or 
irly as far as 56° of north latitude j thus clearly showing, 
remans which still exist, that this great formation has been at 
i time almost universal over the whole surface of the earth. 

' There ia some difTerence of opioian among gealogiste as to tvhethcr 
Weald clay and Hostiogs sand are to be conddereci as neocoiiiian, ami 
tefore part of the cretaceous seriea, or whether they are to be raiikeJ 
IxbaJiuBUic 01 oolitic tehea. 



ABOVE THE CBALK IN THE LONDON BASIir»B 

These nre, in ascending order, the lower tertiary claj-s, md^ 
andgrarelbeds, commonly callodtlie plastic clny series, nndneil 
tlie thick mass of the London clay, above which arc ihe sands of 
Uagshot and nanii)stead Heath. The surface of the Louiloo 
clav and that of the lower tertiary beds, is frequently overlaid 
hy a thick strutuni of dilurial gravel, which will be noticed 
hereafter. 

The lower tertiary beds consist commonly of alternating 
series of sands, clays, and gravel, resting □□ the chalk all loiind 
the edges of the basin and passing beneath London with i ■ 
thickness Tarying from 35 to 100 feet. In the western p«rt 
of the basin, as about Blading and Uxbridge, this series of beds 
contains a large per centage of argillaceous matter, and is well ' 
entitled to the appellation of plastic clay. Beueatb Loodoiii 
however, the mottled clays of the west are replaced in a grew 
measure by sand and gravel beds, while at the eastern extre- 
mity of the basin, as about the Reculvers, nearly the whole 
mass consists of sands, which here assume such a consideritble 
thickness that Mr. Prestwtch proposes to confer upou them 
the distinguishing title of the " Thanet sands." Proceeding 
upwards from the chalk, Mr. Prestwich gives the following 
as an average section of the lowest tertiary beds beneatb 
London : — 

20 to bO feet of liglit'Colanred BiliccQui sands, 
\b to 4S feet of tandi, mottled clsy*, and pebble beds, ver; 
irregulurly Btrnlifiedi 
1 to 3 feet of aands, pebbles aiid sbells, 

above this is the London clay. 

Mr. Prestwich, who has taken immense pains to investigate 
tl>e hydrographica! conditions of the water-bearing strata 
around London, proposes to divide the tertiary basin into four 
distinct parts, hy means of two lines crossing each other nearly 
in the direction of the disturbing lines which have been 
already mentioned as intersecting the chalk basin. One of 
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I these fines passes in a direction due north and south, a little on 
I the east side of London, namely, in the vaUej of the Ravens- 
r bourne and through Hoddesdon and Waltham Ahhej, in the 
TiDej of the Lea. The other passes in a true east and west 
direction immediately south of London, through Windsor, 
Brentford, and Woolwich, each line being continued to the out- 
ade of the basin or into the sea. These Unes intersecting 
each other at Lewisham, divide the tertiary area into four parts, 
which Mr. Prestwich distinguishes by their position as the 
North- West, the North-East, the South-West, and South- 
Eist divisions. At a great many points in each of these divi- 
sions, Mr. Prestwich has examined and measured sections of 
weDs, pits, cliffs, &c., showing the thickness and composition 
of the various beds composing the lower tertiary series. From 
these data he has made very accurate estimates of the relative 
thickness of clays and sand in every part of the basin. The 
oatcrop of the beds has also been investigated with much care, 
IS well as the area or surface of country which they occupy. 
The following table contains a summary of the information 
which Mr. Prestwich has collected on these heads : — 



Divisions. 

North-Western or Watford* Division . 
North-Eastern or Chelmsford* Division 
South-Western or Epsom* Division . 
South-Eastern or Rochester* Division . 


Total extent of 
tertiary area. 


Lower Tertiary Strata. 


Extent of 
area. 


Length of 
outcrop. 


ThickncRs of 

permeable 

portions. 


Square 
Miles. 

345 
1524 

741 
1524 


Square 
Miles. 

50 
64 
45 
64 


Miles. 

60 

95 

130 

95 


Feet. 

15 

36 
22 
36 


4134 


223 


380 



From this table it will be seen that although 4134 square 
* These names of towns, situated nearly in the centre of each division, 

>re merely added to aid the memory in identifying, without the aid of a 

njap, the different divisions here indicated. 



miles of country lu tlie London dialk bnstn are covered with 
tortiary strata, yet only 223 square miles coDsist of lower beds 
partially permeable by water. Mr. Preatwich is of opinion 
that the two great lines of disturbance which have been men- 
tioned, prevent the free communication of water betneea one 
part of the district and another, so that wells sunk in one di- 
vision will not draw the water from the other. Taking then 
tbe area of lower tertiary strata in any one dbtrict, we have still 
to consider that only a certain part of this consists of Band, and 
that a large mass of it in every part of the outcrop is composed 
of clay. The surface also, even where the beds outcropping 
consist of sajid, is frequently covered with argillaceous drift 
deposits, which impede and often altogether prevent the infiltra- 
tion of water. It is probable, alKo, that the sands, even when 
they crop out at the surface, may paaa into clays, and thin 
out into lenticular masses, through which water will permeate 
with great diflicuity. Mr. Prestwich points out several other 
disturbing causes which will interfere with the flow of water 
through these beds ; and od the whole it appears, looking at 
their small area as compared with the imnteuse surface occu- 
pied by the chalk, that these sands present much less prospect 
of affording a large supply of water. 

At the same time, owing to the considerable elevation at 
which the sands crop out, especially on the northern side erf 
the basin, it is found on sinking wells into them through the 
London clay, that the water bursts up with considerable force, 
and rises to a considerable height in the well. The bottom ot 
basement of the London clay is frequently indicated by a bard 
pebble bed, sometimes only a few inches and sometimes several 
feet in thickness. In places where this bed is argillaceous and 
Berves to keep down the water, it frequently bursts up with 
violence when the boring tools first penetrate through it. This 
is also the case in passing through the beds of tabular septaris, 
which are commonly found in the lower part of the London 
clay. The same thing has been observed by borers in passing 
through the bed of green coated flints which usually separates 
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tlie clialk from the tertiary beds ; and, again, a similar upward 
rush of water is met with in breaking through the tabular 
masses of fliot which occur in tlie upper white chalk. 

Tlie springs which break out from the ohnlk at Cbadwcll, 
Watford, Croydon, aud other places, oning to the overflow of 
the line of saturation have been deacribed at page 48. The 
tertiary sands when denuded of the London clay, yield springs 
of a similar description due to the same cause, namely the 
level of the groimd at certain paints being below the general 
line of saturation. The springs on the south side of Peckham 
Rye Common, and others which feed the Peckham branch of 
the Grand Surrey Canal, are due to this cause; and many 
similar springs are to be met with in various parts of the ter- 
tiary area. The springs which break out at the foot of the 
sand hills between Greenwich and Woolwich, and flow across 
ihe marshes to the river Thames, are probabij caused by the 
argillaceous loamy alluvium of the marshes, abutting against 
the sand and keeping up the water till it breaks out and flows 
through the marsh ditches. 

The river Thamca has probably at one tiaia flowed at the 
very base of these sand hills, but in process of time has altered 
its course and filled up the marshes with alluvial detritus. 
The water from the aaud having now to And its way across 
these marshes appears in the form of springs, whereas formerly 
the river probably drained the sand directly aud immediately 
without the action of water-courses and springs at their heads. 
All rivers naturally drain the lands through which they pass, 
whether these lands consist of the older stratified rocks or of 
mere drift deposits. When escnvatious are made near the mar- 
l-in of a river flowing in diluvium, it is sometimes difficult to 
anv whether the water which accumulates ia derived from the 
rirer or is due to its percolation through the drift in its passage 
towards tlie river. The latter origin is the most probable, aa 
ihe water is generally found in the excavation at a higher level 
I ban the water in the river. Tliis has often been observed in 
sinking the foundations for bridge ahutmeutB, la covia^ro.i^'a^ 
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■ulisiding Tt^serroira, filter beds, Sic, fur water-works and olbn 
I purposes by the sides of rivers. 



EXTENT OF 1 

BASIN. 

They may be traced from the Suffolk coast, near Aldborough, 
extending in a narron band seldom more than a mile iiividlli, 
. by Woodbridge, Ipswich, Hadleigh, Sudbury, Great Teldhani, 
Bishop Stonford, Hertford, Hoddesdon, Hatfield, Watfoni, 
I Uibridge, ■\Viiidsor, Beading, aiid Newbury, nearly to Hungef- 
I ford. This ia the western extremity of the tertiary basin, the 
boundary of which then takes an easterly direction, passing bj 
' Kingaclere, Odiliam, Famhani, Guildford, Epsom, and Croy- 
don, into the Talley of the Thames, which it occupies for 
B considerable breadth all (he way to the sea, eslendiiig also 
under the Isle of Sheppy, by Rochester, Faveraham, and Can- 
terbury, to the sea between Ramsgate and Deal. The length 
of the outcrop, according to Mr. Preatwich, being 380 miles, 
and the area 223 miles — this girea an average breadth to the 
lower tertiary strata of less than two-thirds of a mile. "Where 
the outcrop is intersected by valleys, however, the London clay 
is denuded and a greater breadth of the lower tcrtiaries exposed, 
a in the valley of the Lea between Hertford and Hoddesdon, 
a the neighbourhood of Watford, and other parts of the out- 
rop. Also in the valleys of the Thames and the Medway 
extensive denudation, combined with faults, has exposed a con- 
siderable breadth of lower tertiary sands. For instance, they 
I extend almost uninterruptedly from Stratford to Croydon, occu- 
[ P3'i>'g here a breadth of nearly 15 miles, broken only by a few 
I high points, capped with London clay. Eastward of this line 
they somewhat diminish, but the zone continues to be several 
I miles in breadth all the way to the German Ocean. 

Mr. Prestwich states, that large supplies of water are derived 

the tertiary sands througliout a district westward 

of the meridian of Greenwich, which is bounded on the 

L north by Hertford and Watford, on the west by Usbridge, 
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"Mi (he south by Croydon. He computes that, in tLe valley 
of the Wandle, there are about 15 to 20 artesian wells, deriving 
a daily supply of from 800,000 to 1,200,000 gallons of water 
from the tertiary sands, and in the valley of the Lea from 20 
to 30 such wells, deriving a supply of 120,000 to 200,000 
gallons a day. The quantity yielded by single wells from these 
I saods, would be utterly insignilicant for purposes of public 
' supply, except for very small towns. There are few instances 
of single wells which derive a water supply of more than 100,000 
!on9 a day from these sands.* It has been asserted, how- 
r, thatmanyof the London wells which are sunk or bored into 
the chalk, really derive their supply from the tertiary sands ; 
ertainly the remarkable difference between the chalk water 
of the London wells and that of chalk water, for instance, from 
Watford or Ware, lends some countenance to the supposition. 
Most of the water from the London chalk wells yield carbo- 
nate of soda and magnesia, and a comparatively small quantity 
of carbonate of lime, while, on the other hand, the water from 
Ware and Watford lias a large proportion of carbonate of lime, 
Bad seldom any of the other carbonates. Again, the sulphates 
of soda and potash abound in the London well waters, but are 
absent from the pure chalk water. The chloride of sodium is 
also found extensively in the Loudon well water, but is almost 
wanting in pure chalk water. See a valuable colleclioii of ana- 
lyses of river and well waters, published by Mr. Prestwich, 



The London clay itself la, from its nature, destitute of wafer, 
although there are numerous wells in and about the metro- 
polis deriving their supply from the drift gravel which covers 
it. Wells are exceedingly common all over England in drift 

" Mr. Swindell atataj the yield of the well at llanwell Lunatic Asyliiro. 
«hich ta-oiioales in the tertiary sauds, at 100 gallons per minute, wliich 
is equal to U4.000 gallons in 24 hours. The first 30 feet of this well are 
10 feet diameter tbe rest of it fi feet. 
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grarel, especiallf where ihe gravel rests on nu irregular surfiu* 
of London clay, or on the marly clays of the new red sandiloiie 
furtnation, It is probable the water lies in hollows and troughs 
in the surface of the clay, and is frequently found at shallon 
depths beneath the surface. The water never overflows in 
such wells, and never spouts up as in an artesian boring, lb 
level is, however, affected by the dryness of the season, and it 
frequently happens that the highest weUs in such district! 
become dried up, while those sunk deeper, or at lower levels, 
continue to yield a supply. 

The drift gravel is exceedingly variable in thickness, and 
wells sunk into it commonly range from 10 to 50 feet in 
depth.* It is quite unfit for yielding large supplies for the 
use of towns, although in all parts of the country there UK 
numerous private wells drawing a supply from drift gravel, 

This is the case not only with such towns as Southampton, 
Portsmouth, and others on tertiary formations, but also with 
towns such as Leicester, situate on the clays or marls of the 
new red sandstane. Whvre drlfl: gravel is overlaid by mi 
argilUceous deposit, as in some parts of Essex, and wells 
are sunk at points lower than the outcrop of the grave!, the 
water will sometimes rise, as in artesian wells, and may be 
saccessfuUy obtained by means of a simple boring. It is far 
more common, however, to find the drift gravel merely form- 
ing the surface and not overlaid by any deposit sufficiently 
thick or impervious to keep down the water. In all snch 
cases it is obvious the water in the gravel merely rests on 
the clay beneath at its lowest level, and can only be obtained 
by sinking wells iuto which the water will filter, but will not 

■> ■ The eipTessinii "land Eprings," nbicb ia very common with the 
HLoadon well liukera and boreri, ie applied to the eUhIIow Burfice epringi 
filing in the drift, either from the alE«raation of clay with the 

porous gravel beds, or from the water held in the irregHlir hollown 
of Ihe LoDdon clay heneafh. Mr. Tahherner (quoted liy Mr. Prestwich 
irom the floi'iy Weiuj, 13 March, 1H50) estimates the yield of the London 
drift ^tbUj a( an aggregaw daily quantity of fthout 3,000,000 gallc 
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above the ordiDar; level of lite water in its siibterrtmcaii 
From these wells the water must he pumped to the 
nnd anj attempt to proeure water by simple artesian 
will of course be fruitless. Althougli, in Loiidou, aud 
aany other towns, thr drift gravel formerly supplied 
lunierous wells, it is found that the construction of sewers 
rradually drains these wells, rendcriug it necessary in some 
tonces to sink them deeper, aud in others entirely ab- 
iding the supply and drying up the wells. Besides this, 
burial-yards found in all large towns, and the innu- 
(■ble impurities arising from gas-works and offensive 
lufactures being poured into the sewers, have in time so 
irated the soil as to poison the water of all such wells and 
der it wholly unfit for use. 



|fe shall see in a future page, that at a certain period in 
ihbtory of London the springs breaking out from below the 
ids of Hampstead Heath were looked on with much salisfao- 
□ as a new source of supply of great value and imjiortance. 
The whole cap of sand on these hills, however, does not.fl 
robably exceed one square mile on which the whole rainfall, J 
ven if we conceive it nil to he absorbed into the soil, does ' 
ot amount to n million gallons per day, so thnt if all the 
prings on every side of Ilnnipstcad IliU were collected they 
ould fall somewhat short of this amount, or less than gV*'^ "^ 
le whole supply required for the metropolis. With respect J 
) all the springs on the west side of Hampstead, they would I 
.■arcely be worth the cspense of the works necessary ti 
'ct and convey them ; and, in point of fact, the water actually 
sheeted in the intercepting ponds of the Hampstead works 
lay be considered as comprising all that can be collected 
ith advantage. This quantity does not probably amount to 
lore tLan about 200,000 gallons per day, a quantity perfectly 
isignificant in comparison with that required for the supply 
f London, ■ 
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IHK BAQ3B0T SiND3 OF SUBRBY AND HAMPSHIRE. 

These Bands extend almost continoonsly from Esher b 
BtrathlieldBaj-e, with an extreme breadth from the north side 
of Virginia Water to the neighbourhood of Famham. 
tiraatod roughly, the length of the district may be taken at 
80 miles, by an average breadth of 10 or 13 miles. Ths 
' Bagshot Band is capable of three subdivisions. The first oi 
uppermost is pure siliceous sand varying from 200 to 8O0 feet 
in thickness, and covering an area of 80 to 100 square miles. 
The upper sand attains its greatest thickness* in the north 
and east part about Bagsbot Heath, Chobham Bidges, 
Romping Downs, Finchhampatoad Kidgos, and Hartford 
Bridge Flats. This ia the upper BagsLot sand of geologiEta 

The middle division consists of a retentive stratum a 
white or pale yellow clay or marl, from 15 to 90 feet ii 
thickness. Those clays are extensively used for making bricks. 

This middle division forms the Brackesham beds, 
middle Bagshot of geologists. 

low this middle division is a lower soiies of light coloured 
Bands, which like the upper beds consist of nearly pure sili- 
ceous matter. These are the lower Bagshot sands of geologists. 

Professor Ramsay, in his letter to the Board of Health, 
i out that a covering of gravel, varying in thiekneea 
a few inches to 20 or 30 feet, frequently obscures 
Barface of the sands ; but, notwithstanding this, both lie 
npper and lower sands admit very freely the percolation of 
water, so that little passes off by evaporation, and nearly the 
whole rainfall is absorbed. Many of the small streams rising 
from Bagshot and the neighbouring heaths, break out at the top 
of the middle or argillaceous portion, while the water falling 
on the lower sands is absorbed by them, and does not appeal 
at the surface tiU throvra out by the underlying London clay. 






so QBOUNS ON THE SAOSHOT SANDS. 

Lboat twenty years ago the Bagshot eanda -were proposed 

Sy the General Board of Healt}i aa an immense gathering 

ground for procni'ing the greater portion of tie snpply 

rcijaireil for the raetropolia. The project is first dimly 

slindowed forth in the Eeport on Supply of Water to the 

Metropolis, dated 28th May, 1860, and presented to both 

Houses of Parliament. The Eeport says, " Tlie portion of 

thie ilietrict (the £agshot Bonds) to which our attention has 

been more immediately directed comprises an area of less 

thiuf 100 square miles, lying east and weet of a lino from 

Bngahot to Famham, The remaining district, wliich we 

have hud under consideration, although of the same bleak 

and harren cliaracter, is of a difl'erent geological construction, 

tonsiatiag of the upper and lower green sands, and gault of 

I.', green sand formation, and constitutes the uneultivated 

:^J districts draining into the east and west tributaries of 

■ ■■ river Woy, situated south of the chalk ridge in the midst 

f wluch the toivn of Guildford stands," The report con- 

.1118 DO details of tlie project — no statement of the mode 

' be practised for collecting the water, the levels at which 

is to be conveyed and stored for distribution, nor, in iact, J 

.V of that kind of information which first occurs to aOiM 

'^'ioeer as most essential in an inquiry of this nature. ^ 

After stating, however, as the result of numerous inquiries 

:ij investigations, that the daily supply required for the me- 

r jpplifl was 40 million gallons,* they set forth the following 

■iaiateof the yield of their gathering grounds from gaugingaj 

iron at the end of nearly six weeks of dry weather : — 

■ II,!. /iT.a-itity ia nlready far bolow that BQppKed at the presen 
'!:!.' c'liatingCompmiieB. In fuct, the teturon of 1893,onIj| 
'1 or the dute of this report, ehow a much larger quantila 
, (KP, and the supply now in April, 1870, R^AuaUy a: 
^■dlltiii* ■ diiy. or Sj times the amount m YSbO. 
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tiem iurfaca pihering grounds of sand, comprising tped- poii«. 
mem xeraging from i 1o 1 degree of hardness, and 
equal ill qiutit; to the WBler delirerei] at Fsniham, from 
nhich diilrict, and fraia itreams derived from limilar 
grounds, tlie average hanliteaa ma; be eitimated as 
under 3 degrees 23,000,000 

Prom certain tributaries to Ibe river Wej, containing 
some water troia the chalk, but oT a general quality of 
hirdnuw. i the average of the present aupiil; of the 
Metropolis 60,000,040 

From other tributaries to tlie We^, of a harder quality, 
but oaly one-half the hardneu of the present supplj' to 
the Metropolis 90,004,000 

In the Bp[iendk to this report the Board of Health pab- 
lishea an immense mnsa of medii.'al evidence, the general 
effect of which is to show that the water from the gathering 
grounds is of very superior quality as to softness. Neither 
I tht rejiort nor in the evidence is to be found one 
: one fact, as fur as I am aware, in support of the above 
estimated yield of the gathering grounds. 

Tlie only other extract which I shall make from the rppott 
at present, is the following estimate of the gross estiinnteil 
cost of this magnificent project, mhicli I presume, from, the 
wording of the estimate, and its including street and hraueli 

18, services, &c., was intended entirely to supersede 
replace all the works of the eight existing companies, 
render all their plant and apparatus of every kind eutirdy 
unnecessary. Ilere then Is the estimate in the very words of' 
tlie report : — 

"Storage reservoirs, and intercepting culverts on gathering 
ground ; covered aqueduot thence to service reservoirs} 
covered service reservoirs and filter beds ; principal mains from 
reservoirs, street, and branch mains, and services, &a., &e., 
over the whole district, including land for works and compra* 
lation, ^61,432.000." 
The estimate has one other item, namely, ^710,000 for 
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(wfirage, to be carriod oat in connection with tlie 
Bnpply. With this we have nothing to do at present. 

It ftppears that the idea of collecting water extensiveb 
from the Bagshot sanda, originated in the observation of soma' 
Small works whiuh had been esecuted at Farnham. This town 
ie situated oa the southern escarpment of the north downs, 
at a part where the chalk ia extremely narrow, not more 
thao half a mile in width, and immediately north of Farubam 
is the ridge of Tucksbury Hill, about four miles in length, and 
aliout one mile in breadth. This clay ridge ia capped with 
Bagshot sand, a portion of which had been drained, and tbe 
*flter received into a sliallow circular welt about three feet below 
the surface, from wliich it flowed into the main supplyii 
town of Farnham with water. The population of Farnham 
being about 7000 persons, it is probable that at the vei 
utmost the snpplj from this source did not exceed lOO.OOffJ 
gallons a day. This experiment, however, in which thisi 
paratively small quantity of water was procured by means of 
tile drainage, seems actually to have given rise to the gigantic 
scheme of the Board of Henlth for supplying more than 50 
millions of gallons a day to the inhabitants of London, 
Let us now turn to the chemical evidence to see ho 
statements made in tbe report as to the quality of the water 
are supported. The evidence of Dr. Angus Smith contains 
the first e-i|ieriments on the hardness of the water ; and be 
fip|)ears to have tried 23 specimens of mater from the Bag- 
siiot sands or district north of the Hog's Back, and 16 spe- 
timena of the lower green sand water from the district of 
leith Hill, Hind Head. Sac, south of the Hog's Back. The 
lowest degree of hardness which he found in any of the Bag. ■ 
shot waters appears to be that of !° in the waterof AldershotI 
HMth, while the hardness of tbe rest of tbe Bagshot sand water" 
rniiged from 1° upwards to 7'S. Is it on the evidence then, 
of Dr. Smith that the Board of Health ventured to put forth 
'lie statement, that they could procure from the Bagshot sanda 
^^juillton gallons of water daily, of a quality varying /row 
^KfAfVt; to o7ie Jfffree m hardness? Of l\ve "i'i ^veii\mftv.'4 
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of Bngshot Band water analysed bj Dr. Angus Stnith, the ' 
average hardness is actually 4°. 

Of the IG specimens a( lower green sand water. Dr. SmitlE 
finds the hardness vary fronn 4'75 to 14'6, the average bring! 
7'9 degrees, yet this is the water of nhieh the Board staiat 
the possibility of procuring 60 milliao gnllons a day, of liardi< 
Dess equal to one-third of the average of the present supply 
to the metropolis. It must be obsened, that the report rf 
the Snard of Health, and the evidence of Dr. Angus Smiti^ 
were presented to Parliament at the same time, namely 14 
1850, so that the one must be taken to be founded on ihft 
other. It ia true the Board afterwards published a report. ( 
by the Hon. William Napier, containing statements entirely J 
at variance with those of Dr. Augus Smith, but ioasmncbi 
as Mr. Napier's report is only dated January 185!, wherwkl 
the report of the Board bears date May 1850, it is obviotttj 
none of the statements by the Board could have been founded' 
on Mr. Napier's report. 

With respect to the other chemical evidence published by th(' 
Board as an appendix to their report, we find Professor "Wajfi 
Baying that he analysed '* Some water from a sinall well near 
its source, through which the water flows on its way to thft 
town. The proportion of lime I found to be .1G8 grains in I 
gallon, which is equivalent to exactly ^th of a grain of carbo- 
nate of lime in the gallon, or-^^th of a degree of hardness of 
Dr. Clarke's test." 

Perhaps it was on this esflmination of a little pool of rwQ- 
water by Professor Way that the Board hazarded the magm- 
ficent assertion, which has been before quoted, that 28 milliaa 
gallons a day, varying from -J^ to I degree in hardness," codU 
be procured from the Bagshot sands. 

I can find no analysis of the Bagshot waters by anv of tiw 
other eminent fhemiats who were examined by the Board of 
Health. Among the witnesses so examined are Dr. Sutherland, 
Mr. Holland, Dr, Hassall, Dr. Gavin, Dr. Lyon Playfair, Mr. 
Spencer, Professor Clark, Mr. J. T. Cooper, Professor Hoff- 
id Mr. B. Phillips, till exceedingly able as snalvticol 
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emists, and Dot one of these has given any Lut the most 
v-ague and general stRtements as to the Bagshot naters. 

The Board probably felt on calmly reviewing their report 
of 1 850, and the eridencc by nhich it was accompanied, ihat 
there was an immense hiatus to be filled up in some way or 
other, and they accordingly deputed tlie Honourable William 
Napier to make a moat comprehensive examination of liie 
whole subject, namely to examine the whole of the drainage 
erounds hoth north and south of the Hog's Back, and to re- 
port liilly hoth on the quantity to be collected, its quality, and 
ibe mode of conduction and delivery, and further, on the esti- 
Iiinte of the whole works. 

This gentleman, who appears to have been thus invested with 
tbe combined offices of engineer and chemist to the Board, 
lirat publishes a table of the yield of all the springs and rivu- 
lets occurring in an enormous district of about ■JOO square 
miles, in which he shows a total daily discharge of more than 
39 million gallons. The Bagahot sand district, over which 
his investigations extended, aj)pears to range from Pirhright 
and Chohham as far as Eversley and Bramshill, ten miles 
beyond Bagsliot, and nearly as far west as Strathfieldsaye, 
while he also takes in an enormous tract of coimtry called 
Easthampstead Plain and Bagshot Heath, on the north side of 
Itagshot. This it will be observed is materially extending the 
district which had been contemplated by the Board before 
making the report of 1850. This report (page 100) says, 
e portion of this district to which our attention has been 
e immediately directed, comprises an area of less than 100 
e miles, lying east and west of a line from Bagsliot and 
nbam." Now the distance from Bagshot to Famham is 
nit 11 miles in a straight line, so that the Board probably 
mplated the drainage of a district about 4^ miles wide 
peach side of this straight line. It therefore excites some 
e to find Mr. Napier wandering to Eversley and Bram- 
10 miles west of Bagshol, and ranging over Easthamp- 
i Plain which lies north of Bagshot. But let \» ^e tt* 
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<|iiiintiiy of naler which he obtaios in liis 200 miles I 
Bftg»h<it ssnd area. 

Gala, pndt] 
Prom Cbabham ridgea, th« district e«at of Bsgihot. ill- 
eluding: Pirbrigiit, tad probiblf al>o Aldenbot Heatb, 
nrhirre Dr. An^ui Smith*! lingle tpeuitnen of l" bard- 
nc» «u obtuned. he finds the gaugings smount U, . 3,020^ 
Pioin Kulhamptlesd Plain and the district north of 

UapUol 1,509^ 

Fkiiii till: diitrict wett of Bagbhot and Faniham, ex- 

leniliiig Id Bramsbill and Eierslev, he oLtaina . . 7.712,0» 

Total from 300 sqaare milel of Ba^hol goads . 12fiU,iU 



Tills lust qitantity of more thoa 7,0(10,000 contains 6,426,00 
gallons from one stream called North Fleet, which from il 
Bittuilion on the Ordnance Map appears to be consider^ 
outaide thu limits of the 100 miles described in thereportl 
the Board, so that the whole quantity of water gauged byU 
Napier in this 100 miles, clearly does not exceed 6,000,OC 
gallons. It will be remembered that the quantity estimab 
by thfl Board from this (troa ia 28.000,000— trnly a Eingul 
ooiDcidence and one which entitles the statements of the Boai 
and their oalcnlationa to the confidence of the country ! 

Mr. Napier, then, having obtained only a little more tin 
12,000,000 gallons from the whole Bagshot sand distrit 
which Mr. AuBtia describes aa having an area of 300 mil* 
derives all the rest of hia 39,000,000 from the green aa 
distriota of Hind Head, Ulackdown, Leith HiU, &o. B 
qnantity of 27,000,000, said to be derived from about 21 
square miles of greoa aaud country, need not excite mic 
aHtoniahment aa the honourable gentk'man seema not to bft' 
been content with gauging apringa and rivulets, but appei 
to have taken in whole rivers without any regard to the levf 
at which they were flowing, or the possibiUty of conveyn 
them to the top of Wimbledon Common without an enonaK 
pamping power. For instance, among the springs and rimili 
flowing fi'om Hind Head and Blackdown, he finds one whit 
ia pithily called Bramshot, yielding no less than 13,399,71 



It ■ day, or nearly equal to the whole volume brought in 
Imcw river. It would be amusing, though perhaps not 
Instructive, if the Honourable William Napier were to 
^ the details of these gaugings, aiid enlighteu the public 
the mode in which they were taken, 
lauch for quaniity ; now for quaUty — bearing in miad, 
ferring to what Dr. Angus Smith has proved as to the 
BBS of these waters, one is fairly surprised ta find that 
Mitpier states the whole of the Bagshot sand water, 
Bt the slightest exception or variation, at one degree of 
jess. Yes, opposite to every spring and rifulel, every 
Spread which this gentleman has visited stands the 
|1, in the column for hardness. Nearly the same uni- 
H prevails in the green sand waters, these being all 
jt'One or tvro degrees with the exception of Bramshut, 
L being rather a large ijuantity, we may suppose has been 
Bed Trith unusual care, and is accordingly marked otie- 
Balf. In order to show the extreme patience and care 
iilkieh Mr. Napier baa invesligitted the tough subject 
lldness, the following remarks are quoted from his 
l.«B further explanatory of the degrees of hardness 
H in the proper column. For instance, with respect 
ifwater Spring, which is described as two degrees, the 
B savs, " will be led away at one degree of hardness," 
Biot water, marked one-and-a-half degree, " will pro- 
Ibe led away at half a degree of hardness." All the 
t«f Hascombc Uills, marked one and two degrees, " will 
Bten away at half a degree of hardness." And again, 
Mter of Lcith Uills, marked two degrees, " will be led 
lit one degree of hardness." Mr. Napier's boldness is 
Kfaausted by even all these grave remarks. He " can 
|r for at least ten millions more under two degrees of 
Ihb." I am at a loss to understand the meaning of 
ilowiog remark in a report such as this professes to be, 
ub these gaugings are only ojfered as an approximation, 
pder they will eventually prove to he rather under than 
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Mr. Napier himself seems to hsTe stood somewhst aghut 
at the difference between himself, aud the only aDalydol 
chemist who examined these waters as to their hardnea. 
Whether the following exlmcC gives any very satisfactorr e: 
pJanfltioQ of the difference, I will not pretend to say : — 

" Thus by gauging and testing the streams at their sources, 
instead of in their course and outfalls, we have the realiia- 
tion of the principle kid down by the Board ; and this differ- 
ence will go far to account for the Tariaace of my results with 
those of Dr. Angus Smith." 

As to the mode of eiecutiag the works, the information 
is fery scanty. We are not told whether there are to be 
any collecting or impounding rescfToirs, and not a word hu 
been said about filtration, although it appears that naiiy 
thousand acres of the gathering grounds consist of peat and 
moorland, the solutions of which would require the w 
be filtered. We are told in a very off-hand sort of w 
the water south of the Hog's Back is to he conveyed through 
the chalk ridge nt Guildford ; and that the water from the 
sands is to be brought in, in the direction of Woking. 
one word of information is given about levels. The rivtr 
Wey at St. Catherine's lock, immediately south of Guildford' 
is only 92 feet above Trinity high water mark, and as ths" 
Guildford pass is to be used for the main nqneduct, and I 
great deal of the county north of Guildford is falling em 
below this level, it is probable the main aqueduct wouH 
not be higher than 100 feet above Trinity high water mufc 
at Guildford. Allow only a loss of 5 feet per mile for ti 
tion, which would require an enormous main to carry si 
a volume of water, aud we have 120 feet absorbed by inn' 
tion in the 2-1 miles between Guildford and Wimbledon. Thi 
would destroy the whole effect of the presumed altitude ■ 
Guildford, and render the eitpense of pumping not oa 
farthing less than that incurred by the Companies who noi 
take the water from the Thames. 

Mr. Napier's estimate, like his gathering ground, is some 
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; different from that of the Board (less than hnlf i 
in tis own words ; — 

Collection i 

mdactioD to lerrice resetToir on Wimbledoa Com- 
Duw in • double brick culvert, twentf-four milei »t 

frooo ■ . 1 

•entice raeriDir to cobUid foui days' supply at 

90 million gallons per day 

lUnnte of expense of maim la co-nnect tlie reservoir 

•ritb the present street pipeage 2 

I Bniount of compensstion for millownen, irri- 
gilion, Ac 1 



ly commeDt ou such an extraordinaTif document will 
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'. Napier's report and the atalementa it contained pro- 
If ■stonislied tbc Board of Ilefllth, nearly as much as 
e Bubsequentlj astonished most other persons who 
t had pntiencc to read them- We fiud, accordingly, Mr. 
imell and Mr. Quick sent down to test the gangings in 
aber and November, 1850. Both these gentlemen far 
Napier Napier I Mr. Raminell bands in his gaugings, 
unting to .'Jl milUon gallons, or 12 millions more than 
Napier, and accompaiiies the statement by some very 

y observntioDs on the surpassing qualities of the water. 
^iuices at the geology of the district, tlie 3U0 or 400 
I of drmuoge ground, and reveals in a very nriive and 
I'liig style his method of gauging, which, however, I have 
lime to notice at present. Mr. Quick modestly contents 
•elf with producing his naVcd statement of gaugings, 
h amounts far beyond either of thf others, naiaelyi i 
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62 miliiou gallons a day, and this, too, trom only 1 
whereas it appears Mr. Napier gauged i 
tiiree limes aa many. Well may the Board have been alan 
at the gradual increase announced by each successive in' 
tigator, — who shall pretend to say to what amomd : 
gaugings might have increased had they continued to 9 
one person after another in this way? i 

The gauging mania then seems to have alumhered for M 
than a year, nlten we again find Mr. Ranger gau^ug ' 
Htreams from the 1st to the 10th of August, 1852, when 
makes the volnme about 4 million gallons a day less than ) 
Napier had made in the middle of summer. i 

About this time, Mr. Batemau seems to have been dirw 
to examine the district and report ou the subject, as IE 
his report lo Lord Shaftesbury, dated 27th January, I& 
printed among the papers laid before Parliament by the Ba 
of Health. 

This report by Mr. Bateman seems effectually to It 
setlled the question, and to have been the last act in ( 
amusing farce. We have here the first traces of sound 
gineering judgment ap]died to the scheme. Mr. Bates 
appears to stnte fairly enough the capabilities of the diatt 
and the practicability of the scheme, always proTided ! 
money can be found. lie is apparently not startled 1^ 
enormous sum at which be finds it necessary to estimate 
cost, but coolly leaves it to the judgment and sense of 
Board, whether they can find it practicable to bring forw 
Knch a scheme. 

Mr. Bateman's gauginga are worthy of attention. 1 
general result is, that he found 33,238,093 gallons p« I 
against 39,407,324 by Mr. Napier, against 51,375,000 
Mr, Bammell, and against 62 millions by Mr, Quick, i 
fialemati thus comments on these discrepancies. " AHow 
for several evident errors in Mr. Napier's results, arising ft 
(he streams having been gauged &y him below milU which v 
■wewftay a/ tAe time, and wmg viater vsKieh had i 
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tf ttoredt Mr. Foster's* measurementa rather eiceM 
) of Mr. Napier. Mr. Rammell's gaugings nre generally 
derttbly higlier, but lie has also been led into some errors 
below mills, and Las, probably, not made sufE- 
. lUowance fur the loss of velocity by the friction of the 
r on the bottom and sides of the chsanels in which he 
lured the streama." ill. Batemna does not notice the 
of Mr. Quick or Mr. Kanger, as he was probably not 
^scesion of these. 

\i well as I can understand Mr. Bateman's gaugings he 
eus to ^ie about 8,000.000 gallons a day from the 3t 
ire miles of Bagshot sands, and nine-tenths of this i 
he describes as lurnDg a hardness of 2^ to 3 degrees. 
B green sand water he gives upwards of 33,000,000 gaili 
hed from Hind Head, Uascombe, Ilamblcden, and Lcith 
i, with on average hardness of 2^ degrees. He also finds thfi 
ihsm branch of the river Wey, which is probably chalL 
t, yielding 10,600,000gallon3,«'!'(AaAar«faeMo/'14(/ep!-eM. 
. Bateman appears to think Mghly of the lower green sand^ 
puhering ground, but evidently is not much captivated 
1 the prospects of collection from the Bagsliot sands. lie 
) " the waters from Bagshot Heath, and those flowing from 
wnda aud gravels oortli of Farubam, into the rivers White- 
Jf sod Blackwater, form together not less than 6,000,0011 
7/KW,000 gailoiLS per day of «sce]lent waterj but they are 
it, Bad could not easily be combined with a scheme for 
the water of the green sands south of Guildford. I 
uld prefer omitting both the Bagshot waters and the Parn- 
I branch of the Wey, and consider the scheme as nffordiin; 
uly anpply of 39,000,000 or 40,000,000 gallons of pure 
, water under three degrees of hardness." 
liis is very quietly and softly extinguishing the scheme of 
Board of Health with refereace to the Bagshot sands, and 
isQ UD in its place the conrejaace of water from the grceu 
S hilli'. This then is purely nnd e.tcliisively Mr. Batemaii'B 
■ Ur. Foster is m naiistmil who gnugcd (or Mr, Uatcmou, _ 
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ei^home. and in this eliapo it is intelligible. Ha fnriha 
Gpeaks of the Woalden diEtrict, lying much more to the Gooth, 
and instanceB the Hastings Bond of St. Leonard's forest sa ■ 
good gathering gronnd. 

We bear little of thta project of the Board of Health after 
the date of Mr. Bateman's report. It is not noticed in any 
Parliamentary inquiry sabsequent to 1852, nor in the recent 
reports by Com mi 9 si oners on the Supply of Water to the 
Metropolis. The failnre of thia Bcheme is not tronght forward 
with any hoatilo feeling to the late Board of Health. On th« 
contrary, one merit must not be denied to them — their pro- 
ceedings have elicitud eome useful information, although mixed 
np with much that is merely speculative and hypothetical, 

It is now generally admitted that immense gathering 
gronnds of several hundred square miles are not adapted to 
(iirnish large concentrated supplies of water, in oonsequenca 
of the numerous difGculties and expense of collecting it. 

The district of Bagshot Heath presents little or no analogy 
with the scenery of the Palicozoio rocks, which have hitherto 
been resorted to almost exclusively as gathering groondB. 
Neither the shape of the valleys, the Burfaoe soil, nor the 
elevation of the ground affords any features of similarity. 

Notwithstanding all the reports and other documents which 
have been publiehed about the Bagshot sands, the actual pro- 
posed mode of collection has been very obscurely deseribed. 
Wo are still almost ignorant of the absolute levels at which the 
springs wore to have been coUocted, and the subject of im- 
pounding reservoirs is never once aUndod to. Judging from 
the nature of tho sands, it aooms extremely doubtful whether 
impounding reservoirs could ever have been formed to hold 
water without lining or puddling the whole bottom, an expense 
that would have proved fatal to any such scheme. 

Although the Bagshot sand district must be now regarded 
as totally inadequate for the supply of the metropolis, it is pos- 
sible that many of the towns might advantageously derive a 
auppljr from the springs. Farnham is said to be already sap- 
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ied from a sandy district which has been drnlncd ; and no 
luljt the Biune may be practtcahlo on a small xcule, and for 
her towns not requiring so large a, supply as the raetropoltB. 
ich towns as Wiudsor, Wokingham, Keaditig, Guildford, 
'oking, "Weybridge, Kingston, and Staines, may not impro- 
ibly find it advantageons to resort to the Bagsbot sands for a 
^iply of softer water than thoy can procure in their own 
aghbourhood. In the case of small snpplies to be taken from 
gs, many of the difficulties with respect to large impound- 
reservoirs are avoided, and adequate collections of water 
ly be made without the expense which would bave to be 
lurred for collecting the water from 200 or 300 square* 
les of country. 
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Abootthroo-fonrthaof the whole surface of Norfolk andBnf- 

Ik consist cither of a diltivial deposit covering tho chalk, or of 

e crag formation, which is considered by geologists Buperior 

the Bagshot sand. Tho diluvium consists generally of clny 

or loam with numerous fragments of chalk imbedded in it, 

and this is covered frequently by sand and other light soils. 

The diluvium is in many places as much as eighty feet thick. 

The crag conaists chiefly of thin layers of send, gravel, and 

dielle, resting sometimes on the chalk and sometimes on the 

London clay. Frequent sections of the coast soon in the low 

cliffs of the Norfolk and Suffolk coasts, fi'om Aldborough to 

Cromer, commonly exhibit a succession of this kind — rod loam 

st the base, gravel above this, and the gravel again covered by 

chalk rabble. The whole district over which these deposits 

extend is remarkably flat, and nowhere rises into undulating 

scenery. The supply of water is mostly derived from open 

rells, sunk into the gravel or through tho loam into the chalk. 

principal towns of the districts are Norwich, Ynrmouth, 

id Ipswich, besides which there are a great number of seoon- 

market towns scattered all over NorioW a,iii?i'o.S.(}^ ■ 
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Wfillingford, and Warminster, — the latter a cclcbralod locality 
for upper green sand fosfiils, — there are few towns, or even 
large viUagea, which can be said to bo situate on the npper 
groon sand, and even where collections of honsea do eiiBtonit, 
the Borface is generally covered by a thick drift or diluvinm. 

There is in some cases considerable uncertainty whether 
the water falling on the chalk sinks through the chalk mail 
and penetrates the green sand. It certainly appears to do so 
in Cambridgeshire, where, as well as in the ncighboarhood 
of Tring, it commonly penetrutes down to the ganlt. Moat 
of the chalk springs of the south downs, however, as Lyddcn 
Spout, Cheriton, &c., are thrown out by the chalk marl, and 
do not reach the upper green snnd. Generally speaking, 
the green sand cannot be expected to yield a large supply of 
water, and few springs break out from it except in the dia- 
triot west of a line between Farnham and Petersfieid. Hew 
the gttult of Holt Forest, Woolmer Forest, and Petersfieid, 
throws out numerons small streams whitlt, probably, haw 
their origin in the npper green sand. In Conyheare and 
Phillips' " Geology of England and Wales," a well atPoltem, 
near Devizes, in the vale of Pewaey, is mentioned in lbs 
opper green sand. This is sunk 126 feet deep through ths 
sand down to the ganlt, bat the quantity of water which ii 
yields is not mentioned. Mr, Gravatt (Trans. Inst. Civil 
Eng. vol. i.) mentions two borings made through the upper 
green sand at Tring in order to procure water for the Gnuii 
Junction Canal. The horing in each case appears to hare 
passed through the chalk marl and npper green sand iatc 
the gault. The yield of one boring is not stated, while Gii^ 
of the other is said to he 130O cubic feet m 2i hours. Thia, 
which is only a little more than 8000 gallons a day, is of 
course a very insignificant quantity, with referenne to a sup- 
piy even for a large village. 

Selbome, the residence of the accomplished Gilbert White, 
who wrote a most amusing and interesting hook on it* 
nutnm] hhioi-y, is situated on the upper green sand, west 
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of Woolraer Forest. The wells at Selbome, which are pnK 1 
biibly stmk nearly, if Dot qnite, down to the gaolt, are said 
ige aboat 63 feet in depth. "'When sunk to this 
depth they seMom fail, but produce a fine limpid water, soft 
to the taste and much commended by those who drink t 
p\iie element, but which does not lather well with soap," 

TBE Q&ULT. 

This is a deposit of stiff tenaciona blue clay which lies 
between the upper and the lower green sand. It will be 
unnecessary to describe its range and direction, as it every- 
vhero accompanies, and lies parallel to, the upper green 
euicl, the coarse of which has been already described. Many 
UQs and springs break out on the edge of this formation 
How over it in a direction opposite to the dip. The Tolome 
fiiese, however, is not conaidorablo, and the volleys are not 
inch a deep and capacious shapo as to oncomage the mode 
Mllecting water by storage reservoira. Either on or closely 
itigQous to that part of tJie gault formation which extends 
IB the Cambridgeshire Fens and the Isle of Ely into Wilt- 
te, are several towns of third or fourth rate importance, 
oug which may be mentioned Cambridge, Fotton, Biggies- 
fe, Shefford, Leighton Dnzzard, Prince's Risborough, 
imtage, and Denizes. The towns of Petersfield, Dorking, 
''6, and Folkestone, are also situate on the ganlt of Hamp- 
re and the north downs. The common mode of procuring 
!er for towns situate on the gault, is by sinking through 
down to tho lower green sand. When a boring is mode 
»n to the latter, tho water generally rises nearly to the but 
« aud sometimea overflows. Wells and borings through tht 
dt are common at Cambridge, Biggleswade, Shefford, and 
tbe line of flat clay country through Loighton Buzzard into 
Italiire, and Mr. Frestwich describes the quality of water as 
Hwkably soft and pure. The artesian wells of Cambridge are 
7 numerous. They are commonly sunk throngh the gault, 
lubtrndantly supplied with water from the lower greon sand. 
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vhicl) probnbly derives its fltipply from tliehigh hills ofEfd* 
for^Hkira. The snpplyfram the wells in Cumbridgo was 
fornieriy esteemed of fair quality, althongh & considerable pmi 
of tlieiobabitaDts always aivailed tbemselvea of water &oid the 
Cam, or from the Nine Wells' stream, which is derived from 
ebalk springs. Latterly, however, the snpply from all theiO i 
sources has been fonnd inadequate, and a Company has 
bcon formed, and works executed, for taking a snpply 
of abottt 600,000 gallons ft day from the Cherry Hintoa 
stream and spring, whicb is also derived from the chalk. 

tit appears that for some years after 1812, when the first 
wteeian well was made in Cambridge, the water used to 
rise three or four feet above the surface. Owing to the 
increase in the number of borings, which are now probably 
between 600 and 800, the water stands, at present, from sis 
to twelve feet below the snrfaee. The hardness of two 
spocimeas of the Cambridge well water, as analysed by Mr. 
WBrringtou for Mr. Prestwich, was 8-8° and 11°. 

Another lamoua locality for artesian wells penetrating 
through the gault to the lower green sand, is at Wrest Park, 
the estate of the Countess Cowper, near Silsoe, in Bedford- 
shire. Probably not less than 20 artesian borings have here 
been made thtoagh the ganlt, and in every case the water from 
the lower green Band flows over above the surface, fumish- 
jng a never-failing supply of water. Most of the wells 
have been furnished witii a pipe which is bent over at the 
top, 60 as to discbarge downwards a constant stream of 
water. The water tastes perceptibly of lime, and is highly 
esteemed as a chalybeate. Mr. Prestwich speaks favourably 
of the well water at Leighton Buzzard, Biggleswade, and 
other towns drawing from the lower green aand beneath the 
, gault. Mr. Prestwich, Dr. Fitton, and other observers have 
1 stated the thickness of the gault at Folkestone at 126 feet; 
fat Merstham 120 to 140 feet; between Guildford and Mera- 
t'lham aomewhat thinner; at Devizes and Swindon about 100 
teot; increasing in Cambridgeshire to about 150 or ICO foot. 
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ml trials Lave shown 160 to 200 foet in thicknefia at 

5 on the Medway, near Maidstnno ; at Kentish Towu 

fchout 130 feet; at Wroth am, Kent, 120 feet; at Eddles- 

RiorDugh, Bucks, 205 feet ; at Baldock, Hertfordshire, about 

P70 feet ; at Hitehin 214 feet ; and at Harwich 01 feet. 

Numerous wells and boriuga have lately been sunk in the 

^uU district between IlitchiD, Ampthill, and Biggleswade, 

iiordertoproeure water for hriukmaliing, and for washing tha 

toprolites which are extensively dug in the neighbourhood, 

e wells UBUslIy pass throngh about 200 feet of gault. 

A well has recently been dug at the village of Arlesey, 

nLere the gault Tvas found to have the same thicknesa, and 

i the well sank for tha Three-countioa' Asylum at Arlesey 

3 thiclmeBa of the gaalt was very accurately ascertained 

£) he 204 feet. 

I Thus the gault seema to attain a maximum thickness of 
iboat 214 feet at Hitehin, and thenco to diminiah gradually 
n a westerly direction, till at Cambridge it doea not exceed 
IGO feet, and where it finally ends at Hunstanton, in Norfolk, 
the hed of so-called red chalk which represonta the gault ia 
only 4 feet in thickness. The area occupied by the gault 
formation, extending from Cambridgeshire into Wiltshire, and 
thence under the north downs to the sea at Folkestone, ia 
given byMr. Prestwich at 340 square miles, with an average 
breadth of about a mile and a half. 

THE LOWEK OREEN SAND. 

It ia generally understood by geologists that this formation 
rerjrwhere accompanies the ganlt, whieh ia reprcaentad as 
a mass of sand varying somewhat in mineraiogical 
racter and still more in thickness, and which in English 
known as the lower green sand. North of 
) Hnmber, in the cretaoooua district of Yorkshire, how- 
ere are scarcely any traces of the green sand, and 
jbably owing to faults or to thinning out that the 
ton. etay, anathBT name for the gault, ia almost in con- 
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^M tact with tlie Kimroericlge day and other members of the 
^M ooliiie series. Scarcely more riuble ia the lower green sod 
^V akirting the Wolds of Lincolnshire, the chief place where it 

^B attains any development in this couDty being the genllr un- 
^B dnlating district about Hagworthingbam betneen MRrket 
^B Baiain and Spilsby. In the great fen district of the Bedford 
^F Level, io the raunties of Norfolk, Suffolk, and Cambridge, the 
lower green sand is entirely concealed by the alluvial deposits 
of the feus, but a few miles north of Cambridge it begins to 
appear and thence extends in a south-westerly direction, form- 
ll-marked zone of considerable breadth. Its genera! 
range here is parallel to that of (be gault, but projections of 
the sand hills frequently jut out westward to a considerable 
esteut, thus breaking the general smoothness of the ouiliiie 
and giving to this formation a marked and pecuhar character 
which is altogether wanting in the gault and the upper green 
aand. With the exccptiou of these projecting eminences, the 
breadth of the green sand (about two miles and a half) may be 
considered aa tolerably uniform between Cambridge and 
Leightun Buzzard, a little south of which it coutracts rather 
suddenly, and continues to Abingdon with an average breadth 
of little more than a quarter of a mile. From this point it is 
very aligbtly developed all along the western border of the 
chalk. It appears however in insulated masses or outliers of 
great extent, capping all the hills in the western part of Dor- 
■etshire and the neigbbourhr.od of Chard, Axminster, and 
Honiton. In Devonshire it forms the picturesque and highly 
aried scenery of the Blackdown Hills, which owe much of 
their peculiar character to the deep valleys and alternating 
ridges of this aand. In the Blackdown Hills the green sand 
overlaps in succession the edges of all the formations between 
itself and the red sandstone, and actually rests on the latter 
throughout most of its western and southern boundary. 

Smaller and still more detached outhera extend much fur- 
ther westward in Devonshire, in fact considerably to the 
iBUth-wert of Exeter, where, aa at Chudleigh, the lower ereen 
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) found ia contact even with the Palteozoic rocks, 
the enormous area originally cohered by the green 
id before its denudation. 

The chalk of Hampshire anil the north and south downs b 
«mpanied throughout by a prominent zone of lower green 
id, which preserves a, parallelism to the gault and has 
! same general horseshoe shape encirchng the Weald of 
mt and Sussex. About one-half of the whole surface of 
i Isle of Wight is also occupied bj the lower green 
tnd. 

The formation attains its chief prominence is the range 
hills stretching almost in a westerly direction from Rei- 
te, hy Dorking, and Godairaiug to Haslemere. In this part 
the range are the towering eminences of Lcitb Hill, Hind 
Head, and the Clackduwn Hills of Hampshire, several of 
iriiich are 1000 feet high above the sea, and considerably over- 
top the neighbouring chalk hills. 
A coDsiderabic number of towns are situate either on the 
Iter green sand, or in such contiguity to it, that this for- 
Swtiim may not improbably, either now or at some future 
e resorted to for a supply of water. Among these 
hnnis are Cambridge, St. Neots, Potton, Biggleswade, Bed- 
HmtJ, Shefford, Buckingham, Fenny Stratford, Leighton- 
1, Aylesbury, Thame, Oxford, and Abingdon. Similarly 
iitusled are the towns of Wellington, Chard, Uonlton, Ax- 
ninsler, Sidmouth, Colyton, Asmouth, and Charmouth, in 
'(he west of England. 

Within the influence of the green sand which encircles 
the Weald of Kent and Sussex, (to say nothing of the metro- 
polis itself,) we have Folkestone, Sandgate, Hythe, Maid- 
*oae. Seven Oaks, Tuobridge Wells, Heigate, Dorking, 
Goildford, Godalming, Farnham, Alton, Petcrsfield, Petworth, 
Anmdel, Eastbourne, Brighton, and Lewes. 

tbfl lower green sand la the tract hotweon Cambridge and 
Wghtoa Bazzard, ocetirs m the form of grey or brown aacd, 
fcllt"ehiefly," BaysDr.Fitton, "asacooraeferruginons com- 
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pounil of qunrtioze sand i^emcnteJ by hydrate and oxide nf I 
iron, Biid more or less indurated. At the top, howpwr, a I 
Bonic green snnd, as Appears Trom the first diacliRrge Itod 
the borings through the gault, after the rod has passed the 
clay ; the water subsequently obtained, depositing an oehreoui 
matter of the colour of the Wobum sands." The whole 
muss, however, does not consist of sand as there is a con- 
aulerable thickness of fullers-earth interposed in the sanib 
of Woburn, which are exteoaively dug for the purpose of 
procuring the fidlers-earth. This mineral has also been 
observed in the lower green sand of Norfolk. A great deal 
of the green snnd district, nest of Woburn, particularly in 
the ncigliboiirhood of Leighton Bnziard, is much coveted by 
drift gravel which conceals the sand except trhere it risa 
into hills. According to Greeiiough's map there is aUuriaoi 
no less than GOO feet thick covering the green sand at Elsirortli, 
west of Cambridge. 

The groon snnd of the Blaeidown hills rests tisnally ou 
the red marl of the new red sandstone, and sometimes on 
the lias. Dr. Fitton describes the sandy surface as barreoi 
bat the marl, which forms the base of the hills for about 
two-thirds of their height, is nsually fertile and presents t 
preat contrast to the barrennesa of the sand. The Blackdovni 
hills are celebrated for the scythe stones which are obtained 
from sandy concretions occurring in these hills. Everywhera 
around the Blackdowa bills are found the sources of ths 
principal rivora of Devonshire, Somerset, and Dorset. Tlia 
Calm, the Tone, the Parret, the Ase, and the Otter, all 
derive largo Bupplioa from the water of these sand bill' 
thrown oat by the marls on which the siind reposes. 

The lower green sand of Sussei and Hampshire has been 
described in great detail by Dr. Fitton, in his admirable pipR 
on the strata below the chalk (2nd series, tieol. TrasS'i 
Vol. IV., p. 103). He divides the lower green sand into 
three distinct groups, which may be characterised as foUoira: 

o- The upper division consisting principally of sand, whiter 
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lowish, or ferraginous, with concretiona of limestone 

chert frequently in false stratification. This division im- 
itely underlies the gault rising up above the valley of 
atter, and bearing a dry barren soil. Its thickoeH at 
istone is about 70 feet. 

The second member is described as a retentive stratum 
■oundiug in green matter and containing little stone. The 
ttsT falling on the upper group a, in the neighbourhood of 
olkestoue, does not penetrate to the base of the lower 
reen sand, but is thrown out in springs above the retentive 
tratum 6. Many of the wells in Folkestone derive their 
npply from water which is upheld by this middle sandy 
Thickness, near Folkestone, from /O to 80 feet. 
The third or lowest division, which rests on the Weald 
itj, is more calcareous in its composition than either of the 
Hhers, and contains the principal beds of stone bearing the 
nane of Kentish rag. Tliese indurated beds commonly form 

steep ridge or escarpment overlooking the vaUey of the 
Teald. Thickness, probably. 200 feet. 

A part of the supply of water to Sandgate is derived from 

le springs which break out on the surface of this middle 
bed, as described in Mr. Blackwell's Report to the President 
irf (he Board of Health.* The water from this part of the 
gKen sand has been so had dnrtng the last year, namely 
w full of gritty sand, and so impregnated with iron, that 
Mr.Blackwell recommends the supply to be taken from the 

me springs which are used for Folkestone, namely the clialk 

«rl springs near Cheriton. 

Dr, Fitton believes, from the general information he has 
ttteived, and the observations he has made in Surrey and 
Bunpshire, that the same sub-divisions esist in the lower 

wn saud all round the Wealden area which it encloses. 

The lower greeo sand of Susses occupies about an average 

• Report Ly Thos. E. Blw-kwell, Esq. to the Prelident of the GBneral 
tid of Etealth, dated Slat February, 1855. Partinaieatarf Paper, 
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brvailth oT a mile and a balf fram Pevensey as far west bs Uw 
valley of the Arnn. Here it expands to a much greater widlh, 
ftiid continues through nampshire and part ofSurrey, asiaru 
Dorking, with an average breadth of not less than fire miles. At 
Dorking it contracts in nidth, while it accompanies the stetp 
ridge of chalk csUeJ the Hog's Back ; but again expands lo t 
width of several miles in the neighbourhood of Seven Oaks and 
MAidstone, and coutinues through Kent, still with a breadth 
jverol miles, to its termination on the coast at Hythe anii 
Folkestone. 

The moat prominent parts of the lower green sand in Surrcj 
Bre the elevated crests of Hind Head and Leith Hill. Dr. 
Fitton attributes the great development of the lower green 
■and in this part of the country to fleKures and undulaCiona in 

c strata, which cause a repetition of the same beds to appeu 

the surface. 

It seems probable that many of the small streams which 
flow into the river Wey from the elevated district of Hind Head 
and Woolmer Forest, have their origin in springs of the middle 
relentire division, similar to those observed at Folkestone aod 
Shoracliife. The river Wey itself in its course through the 
green sand district probably flows in a bed of drift, but the 
Bother, from Petersfield to its junction with the Arun, near 
Pulborough, seems to flow on the surface of this retentive 
middle division. Dr. Fitton observes, that most of the large 
ponds in the neighbourhood of Dorking, Godalming, Woolmer 
Forest, Frensham, and Pulborough, are situate on the same 
stratum. 

The thickness of the lower green sand at Folkestone has been 
determined with tolerable accuracy, at about 400 feet, and Dr. 
Fitton thinks it does not much exceed this in Surrey, notwith- 
itanding the greatly increased breadth it occupies. Mr. Preat- 
wich, however, from a tolerably exact general measurement 
which he made with Mr. Austen found the thickness at Chil- 
worth, between Guildford and Dorking, CSO feet. He also 
gives the following as approximations founded on general oh- 
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Seven Oaks 500 

Snrrey, Farnliam 700 

WiltBhire, Devizea, uid Calne .... 20 

Oifoidshire, generaUf iiO 

I, Lcighlon Buiiard .... 250 

Bedfordshire ('^°'"'^'> ^'° 

Bigglcswsde . ... 250 



. Prestwich destiribes tlie area occupied by the lower 
uid surroundiDg the chalk basin of London m GaO 
niles, but a great part of this area is covered by beds 
In Wiltshire, Oxfordshire, Kent, aud Surrey, the 
mg of drift 13 altogether absent or of inconsiderable thick- 
ns. In fiuckinghamshire the thick beils of drift by Mhich 
le sand is covered, are generally permeable and sandy. In 
edfordshire, however, the drift gravel or sand is again overlaid I 
r an impermeable formation, called the " boulder clay drift." | 
1 Cambridgeshire and Norfolk the covering of drift is more ' 
jneral and impermeable.* 

Mr. Prestwich has evidently made many minute exaraina- ' 
ons of the lower green sand with a view to asceriain its capa- 
Jitj 10 yield a supply of water for the metropolis, by means 
r wells sunk or bored around London, through the tertiary 
rata and the chalk. He has therefore investigated, with 
rcKt minuteness and detail, the extent of permeable surface 
uigunble to this formation, and also the proportionate thick- 
esa which the beds of sand bear to the argillaceous part of tlie 
™er green sand formation. The conclusion which be seems 
> arrive at on the latter point is, that the group may be con- i 
idered as consisting of 1 17 feet in thicknesa of impermeable | 
Isjs, and of 250 feet of permeable sands. 
Although Mr. Prestwich assigns an area of 650 square miles | 
a tbe lower green sand surrounding the London basin, he j 
lues not calculate ou the whole of this as a contributing area, 

* Ptettwich on the Water-Bearing Strata of London, p. 88. 
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(biy's supply for the whole metropolis j ao that we appcutiH 
iiave beneath our feet n subterranean reservoir holding atiU 
moment a 25 years' supply — being a tolerebly capadoua reser-l 
voir. Mr. Prestwich argues from this vast capacity a 
nent and steady maiateDaDce of the supply to be taken fn 
these sands. 

The conclusion which he aeema to draw from all the n^ 
searches he has made is, that the u[iper green sand w 
yield in artesian wells from 6,000,000 to 10,000,000 galltn 
a day, and that the lower green sand would yield 30,OUO,(H 
to 40,000,000. Mr. Prestwich estimates the thickness ai 
depths of the strata beneath Loudon as follows := 

ThiiknfM. DipUi. 

Tertiwie* 200 

Chalk 650 

850 

Upper green sand .... 40 



lop of tlic lower green earn). 
He further estimates that the water from the lower green 
would probably rise in artesian wells to a height of about 1! 
feet above Trinity high water mark, and that from the appM 
green sand about 10 feet higher. 

These viewg of Mr, Prestwich have lately been conaidfl^: 
ably modilied, as there la now reiisou to suppose that tlit, 
lower green sands are not everywhere continuous beQeath, 
the chalk. For instance, at Calais, after boring tbroagh thS' 
chalk to the depth of nearly 1,300 foot, the strata of thi 
carboniferous period were met with, and all the middle sati^ 
lower seeondary strata were wanting. Agaio, at Harwioll 
lower carhoniforous strata were met with after passiBg 
through chalk, succeeded by about 60 foot of upper green 
Band and gault ; whilst at Kentish Town a scries of red 
sandstones were found, after passing through 1,113 feat of 
ehalk, sncceoded by gault. Mr. Prestwich * remarks tlmt 

■ Report to Uutropolitan Board of Works on the Boring at CroBa- 
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fcfecta, takon in conjunction with other phenomena ob- 
a Beigium and the Woet of England, have led geolo- 

helieve that a ridge of old rocks of unknown width 
n under the chalk from Belgimn, passing under the valley 

63, and continuing to the West of England. 

1 onfortunate that the boring at Crossness has been 
led at a depth of 961 feet, at which point it had only 

itrated through li7 feet of gault. This 
igh to determine the thickness of the gault, nor to solve 
jnestion of contiQuity in the lower green sand. So far 
boring is connemed, it is still unsettled whether the 
t is succeeded by the lower green sand or by rocks of 
iozoic age, as at Calais, Harwich, and Kentish Ti 
'hatever may be the case, however, as to the 
trata below the chalk in or near the centre axis of the 
don basin, it is quite certain that all round the margin 
IB basin, irom Folkestone, by Hungerford and Dunstabli 
to on through Cambridgeshire into Norfolk, the chalk 
Wvhere underlaid by the gault aud lower green sand. 

Itiere the weald clay dips ■with a uniform inclination under 

green sand, it is probable that no springs are caused at 

escarpment. The surface of the clay may be wet and 

ahy, but no peremiial springs will appear. At pb 

■er, where tbo dip of the wealdea clay has an undulating 

i like that of the gault or chalk marl as reprei 

1, p. 51, springs will probably break out fi'om 

Wnt if the creat at aj be higher than the outcrop of the 

,t y. However small the trough may be, it will have 

unicaUon with a large area and mass of porous strata, 

A the pressure of water to cause springs will be oou- 

ible. Snch undulations do certainly exist, as the clay 

jht up in this -way makes its appearance at the surface 

Wlcy of Pease Marsh, near Guildford, also on the soutli- 
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OHst of Dorking, nndftt other places witliiii the nruaofthsl 
greon aand. The some phenomena of springs -will occorit' 
suppose the strata fractured bj a fanlt, as shown in fig< 
p. 49, representiDg a state of things in whiuh tho bondicg of! 
woalJ claj has been so conEidorable as to produce actnal w 
rnption. Of course, in order that the spring may flow at <|f 
must imagine the point h at the fracture, which correspond 
with the crest x in fig. 16, to be at a higher level tlian e. 

It is probable that tho springs of Leith HilJ and Hind Hoii 
are due either to fractarea in the weald clay beneath the sai 
as represented in fig. 15, or to an undulation as in fig. 16. 

Wo Uavealready spoken of Artesian wells from which wai 
rises to or above tho surface iu the vicinity of Cambridgl 
and of overflowing wella at Wrest Park, iu Bedfordshire. 

A similar phenomenon occurs in the depressed area 
gaultnear Biggleswade, where the ground is below the linO' 
saturation in the saad, and where the pressure of waterfrol 
the green sand ridges occasionally causes springs to break 
and discharge themselves into the adjacent streams. 



Jtoi 

1 



:A op KENT ABD SUSSEX. II 

This is a peculiar isolated tract entirely surrounded, ex(ifl{ii| 
at its eastern extremity, by the escarpment of the lower grses;! 
sand. Its shape resembles that of a horse shoe, tho rim being 
formed by tho belt of green sand, while tho opon part faces tho 
sea from near Beacby Head to Hythe. Consideredfrom amors 
extended point of view, the whole wealden formation may hi 
described as an irregular ellipse with a curvilinear axis ^ 
about ISO miles, and an extreme breadth of about dO milsB* 
Measured in the line of the transverao asis, a breadth of aboiri 
40 miles has been broken through by the English Channel, and 
as the French or eastern extremity of the ellipse is compara- 
tively insignificant, the part of the ellipse which is left on th« 
English side is about 80 or 90 miles in length, from the coasi 
to Haslemere forest. The boundary of the English wealdei 
district may be roughly traced from near Beachy Head on thf 
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^sses coast, tlieiice in an almost westerly dircetioD towards 
uHiorough and Petworth. Then it passes on the east side ')f 
md by Petersfield, and tkeuce in nn easterly direc' 
n by Farnham, Guildford, Dorking, and Reigale, to the 
Culh of Seven Oaks aud Maidstone, to llytlie on the Kentish 

f The snrface of this tract consists of two distiiict parts, 

imelj the Weald c!ay, and the Hastings sands. The former 

a argillaceous deposit, which appears to dip everywhere 

leneath the lower green sand, but its continuity at distant 

ints within the cretaceous area has not been satisfactorily 

blished. The breadth of the surface occupied by the 

Mid day may be taken at about five miles, the breadth being 

iwhat greater in the northern part of the district tlian in 

t which ranges parallel with the south downs. The 

||«and occupies the whole tract inside the belt or zone 

The Wealden district is traversed by a winding anti- 

ds, from which the strata dip in opposite directions, 

I the north side dipping to the north, and those on 

> south ill the opposite direction. The principal towns 

ptlier situated within, or bordering the Wealden area, are 

atings. Battle, Pulborough, Petworth, Horsham, Tunbridge, 

bnbridge Wells, Hythe, Eye, and Wiuchelsea. 

I The drainage of the Wealden district is efTected in ft remai'k- 

nan Ij by s which rise in the ekvated cen- 

ll parts and m ly b k through the barrier of sand aud 

Ulk which f n tb n tl and south downs. The prin- 

ifers wb h n le Weald and pass in this way 

a the Ian a h Ouse or Newhaven river, the 

r Sho ham th Amu, the Wey, the Mole, and 

J Medway. Mr, PoiUett Scrope, Mr. Martii ad oti e 

Bologists, among the most recent of whom is jM Uopk u 

p support the hypothesis that these rivers do ot flo 

biple channels of denudation, but in gorges j odu d bj 

edent fissures cuttingentirely across the Weald. Tl eg g a 

B the Arua and the Wey are nearly opposite to each otl er and 



robnbly parts of the same fissure. In the sat 
the g^orges of the Adur and the Mole, and of the Oi 
MeUwny, range nearly with each other in straight lines, 
whole detail connected with the subject of tliese tranaverae !t 
tures, and their connection with the great central asis of ele 
tion, and with several other lines parallel to the latti 
elegantly worked out in Mr, Hopkins' paper already quoted. 

Not only docs Mr. Hopkins agree with, and confi] 
opinions of, former geologists, as to the transverse fr 
through the boundary or encircUng frame of the Wealden C 
triet, but he points out in addition many instances in whii'h I 
Medway and other rivers break through the principal mi 
ixis of the Weald itself. In gorges caused by transverse & 
lures of the main east and west ridges, several branches of 
Medway flow through in a north and south direction, in 
immediate neighbourhood of Penslmrst and Lamherhurst. 

THE JURASSIC Ott OOLITIC SERIES. 

This Consists of the follovving subdivisions : — 
( The Portland oolite or limestone. 
< Portland sand. 
|_ Kimmeridge clay. 

{Coral rag, calcareous grit or Headington oolite. 
Oxford clay. 
{Cornbrash. 
Bath or great oolite. 
Fullers -earth, clay, and limestone. 
Inferior oolite and saud. 
Upper has. 
Lias marlstone. 
Lower lias. 

The tract of eoimtry which embraces these yarious suhdil 
sions of the oolite formation, extends in a curved line from ti 
coast of Yorkshire to Lyme Regis ia Dorsetshire. 
passing through the centre of the oolitic district from WhiH 
to Lyme Reg^.s, would be about 320 miles in length, while Q 
breadth of the formation is extremely irregular, in some plat 
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)t more than two or three miles, and in others as much is 
iventy. The average breadth may probably be about ihirty- 
ve miles. North of the Ilumber, the ooUtes of Yorkshire 
ccupy an estreme breadth from Filey on the coast to near 
'liirsk, of rather more than forty miles, with about the si 
■n;jth in a north and south direction, from Redcar at the 
ith of the Tees to beyond New Malton. South of this 

.1.1? they extend to the Humber, forming a narrow lone 

,-cely more than two miles in breadth. 

I'he oolites of Yorkshire embrace the eastern Moorlands, 
:iic Hambledoa, and the Howardian Ililla, together with the 
r> rtile clay districts of Cleveland, the Vale of Esk, and the 
Vale of Pickering. The high country of the Moorlands, 
vliicb rise to elevations varying from 1,000 to 1,500 feet 
'' jvf^ the sea, consists of rocks corresponding to the inferior 

■ i great oohte of the south, although the division of fuUers- 
:;h which separates them in the south appears to be wnnt- 
-- iu Yorksliire. The clays of the south are in fact repre- 

■ iii?d by shales in the Yorkshire oolites, while the limestones 

■ Ibth, Cheltenham, &c., are represented by sandstones and ' 
:ii. The sandstone, shaly, and often ferruginous beds of J 

•'■■■■ ik-vated districts rest on a platform of lias, which sur- 

■ ' mils them in a semicircular form from Redcar on the coast, 
ii^siiig round near Northallerton and Thirsk to New Malton, 
'I thence, still continuing in a narrow band, by Pocklingtou 
;iiJ Market Weighton to the Humber. The lias is also espoaed 
wiirely scross the oolitic district from Stokesley on the i 
fcffhitby on the coast. The river Esk flows in this valley of ' 
llitulatioo, which is also traversed by a great basaltic 'jice, 

; many miles inland as far as the Durham coal field. 

n order on those divisions which correspond with the 

ind inferior oolites of the south, is a mass of the O.iford 

mmeridge clay, which occupies nearly one third of the 

Joditic district of Yorkshire. These two divisions, the 

Hand Kimmeridge clay, are separated by about 200 feet in 

H of calcareous and coralline grits, which do not occupy 
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iniidi breadth on the Burface, but which ore remtirkable Tor 
the occurrence of swallow holes, Into which rivers and streams 
tn absorbed aod disappear for some miles of their course. 

The drainage of the district is principallv effected by the Esk 
Bad the DertreDt, and by tributaries of the Ouse, which latter 
rise from the escHrpmciit of the oolitic hills, aud flow over Lbe 
lias. The Esk flows chiefly through the lias, aod is fed bj 
numerous springs arising from the high Moorland district 
each side of it. The Derwent lies chiefly in the Vale of Pickering 
flowing through the Kimmeridge clay, but is fed by nuineroiit 
tributaries from the Eastern Moorlands and the Howardiu 
Hills, which flank the Vale of Pickering on three 
These tributaries flow in succession over the great oolite, tlM 
Oxford clay, the coral rag, and the Kimmeridge clay, i 
same direction as the dip of the strata ; aud it is ander 
circumstances that the water is so often engulphed in swallon 
holes, which correspond with fissures and cavities in the coi 
rag, and its representative grit-stone bods. Having reealvi 
ail its principal tributuricB, however, in the Yalo of PiokflrinS 
the Derwent, now a conaiderable river, breaks throngh &i 
Howardian Hills in a direction opposite to the dip of flft 
strata, and crosses in sacceasion the coral rag, the Orforf 
day, the great oolite, the lias, and the now red sandstone. 

Few towns of much importance are situate in the oolitic die 
trict of Yorkshire. The principal are Whitby, Scarborough 
Pickering, and New Malton. These would, probably, be i^ 
to derive abundant supplies of water from impounding rad 
voirs, constructed across the deep narrow gorges of the ooBfi 
hills. The water of these hills not being so highly impr^ 
nated with calcareous ingredients, is very superior in softoe 
to the ordinary water of oohtic districts in England. Ti» 
Howardian Hills, the Hambledon Hills, and the Eastern Moof 
lands of Yorkshire wiil, probably, become of much imporltmtl 
in future years, as capable of yielding suppli 
towns on the lias and new red sandstone districts lyinjt 
eastward. It is probable that the rich aud fertile valleyi 
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3 the Tees wiil so increase in populition a 
t>t water from these Yorkshire hills. 



IDLITIC DI8TBICT FBOK THB BCHBER TO NBAK 
BATR. 

compiises the deTelopment of the formation in the 

of Lincohi, Leicester, ButlanJ, Northampton, Hun- 
Bedford, Worcester, Gloucester, Oxford, Buckiug- 
id 'Wilts. The breadth at the Hiunber is Dearly eight 
rom which it ^aduaily increases in a southerly direc- 
, at Lynn, the breadth of the formation measured across 

of Lincolnshire to its western boundary oear Lough^ 
I, is not less thsn seventy miles. In this breadth, 
r, about one half, consisting of the Oxford clay, is 

over by the fens of Lincolnshire. From this extreme 
ment the breadth somenhat diminishes, as at Oxford 
leosured across the district at right angles to its iroa< 
ixis, would be about forty miles. From Stratford-on- 
lie outline of the lias may be traced all the nay to Bath 
btol, but it becomes Tery tortuous in Warwickshire, 
ler, and Gloucestershire, jutting out in many irregular 
nd isolated prominences into the new red sandstoiK 

apper divisions of the oolite above the Oxford clay, are 
htly developed in all this extensive tract. The Kimmer- 
J is of inconsiderable extent in nil the northern part, 
a it may be traced continuously under the green sand 
e Humber into Buckinghamshire, where it attains a 
, of several miles in the forest of Brenwood, between 
py and Oxford. The members of the oolitic series 
lie Kimmeridge clay are so Httle developed, as not to 
notice in a hasty sketch of this kind. 
eoral rag first i.ppeara a little north-east of Oxford, and 
. in a narrow zone about three miles wide, by Abingdon, 
ion, Highwortb, and Wotton Basset, to Chippenham 
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mill Coine, soon after which it diaapiiears. The Oiford clay 
Ofciipiea a lenticular space hetween the Huinber and Lincoln, 
where the fens commence. It may be traced, however, on the 
west side of the fetis, by Sleaford aud Bourne, almost donn B ■ 
Peterborough, and doubtless continues beneath the fens in ^ '. 
the eastern part of Lincolnshire. i 

South of Peterborough the Oxford clay e^tpands to a consir i 
derable breadth in Kuntiugdou and Bedfordshire, except whfR - 
it 19 denuded, and the great oolite exposed, in the valley of the 
Ouse around Bedford. Between Bedford and the neighbonr- 
liood of Bath, it occupies a Tery irregular zone, the eastern 
Bide of which is much encroached on, sometimes by the orep- 
lying Kimmeridge clay, and sometimes by the lower green 
sand. Tlie breadth of the Oxford clay at Huntingdon is more 1 
than 35 miles, while at other places, as in the uciglihourhood 
of Buckingham and Oxford, it is not more than two miles 

The great oolife has been already spoken of in the Easlem 
Moorlands of Yorkshire, and in the Howardian and HamhledOB , 
Hiils. South of the Humber, the great oolite, with its sulwr- I 
dinate beds of cornbrash and forest marble, everywhere M- J 
companies and passes under the Oxford clay. North of Lin- 
coln, it occupies a rery narrow strip of country, but in the 
Bouth of Lincolnshire it expands to a much greater widtt 
This width, from Bourne in Lincolnshire to Sahby in Leices- 
tershire, is not less than seventeen miles; three of which, iu»- 
ever, are occupied by the denuded valley of the Withfln 
in which the lower oolite and the lias are exposed. 

In Northamptonshire, Bucks, and Wiltshire, the gnS 
oolite is much developed, but has a very irregular bouadaij 
frequently capping high grounds over considerable areas, aM 
surrounded by zones of lower oolite and lias, which cut it off 
and isolate it in large irregular masses. 

South of Bath the great oolite is only slightly developEl 
it ovteuds in a narrow strip, by Frome as far as Bruton, wherfti 
it oegiDB t\j occupy a greater breadth, and spreads out in Gil 
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mituu Forest and Milbora Forest to a, breadth of mo^^l 
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' .n tea toileB. SouUi of Bradford Abbas the great oolite 
I'l^mos extremely narrow, ajid can juEt be traced hy 
liKAmialsr and Abbotsbury as far as Weymonth Bay, where 
-s aa usnal nnderlying the Oxford clay. 
"bo faller's-earth, or Froms clay, which aeparatea the 
It and inferior oolites, ia scarcely known in the north of 
It first appears in the neighbourhood of Winch- 
1 Gioaceeter shire, where it encircles several smal! 
igalarly-ebaped conical hills, the top of each coneigting of 
great oolito, supported in a shallow basin of Frome clai~ 
Idler's earth, while the base of each consists of the lo< 
its and lias. 

"ma the neighbourhood of Northleach, nnder the Cottea- 
i hills, to Bradford, Frome, and Bruton, the follcr's- 
h may bo traced continnonsly aa a thin retentive motley- 
d fltratnm, everywhere separating the two great froe- 
la members of the oolite formation. This comparatively 
fow atrip of clay, which playa an important part in the 
[rography of the oolitic country, continues by Bradford 
MB, Beamister, and near Bridport to the coast of Dorset- 
te at Barton Cliff. Besides this continuous wavy line, the 
["b earth appears in all the outliers on the western side 
b are merely separated from tlie true oolitic country by 
8 of denudation. Thus isolated hills in the ncighbour- 
i of Northleach, Stroud, and Bath, are all eneirckd by 
I narrow band of fuller's -earth, which commonly eiiuaos 
jf copious Bprings to burst out from the lower beds of tbo 
(nocnmbent great oolite. There are no less than four hills 
tho neighbourhood of Bath which are thus encircled by the 
H-earth. The most conspicuous of these are Lansdown 
1 Claverton Down. The fuller's-earth formation may also 
traced on both sides of the valleys around Bath, evory- 
» occupying an intermediate position between the inferior 
I Ihe great oolite, and presenting a brokoa iiroguloi aodo^Oi 
twi^ abundant traces oi' landslips and watc\j \u:tisja. 
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ThQ inferior oolite, with its Eabordinate sands, is cfaiefl/ 
deveiopud in Northamptonghire, GloneeBterHlure, and Dorset-^ 
ehire. Its boundary is extrentoly irregular, and. like llifl i 
great oolite, it caps nnmerons isolated hills 'where it rests cut^ 
a base of lias, or other clay. 

In this manner it caps the lias in the neighboorliood 
Tjppingham, in Batlandshire, and also covers a considerabh 
extent of lias coontiy, extending from Mitrket Harboroo^ 
BracMey, in Buckinghamshire. It appears at NorthamptO 
"WeUinghorough, and Rothwell, nnderlying the great ooli 
■which here forms the surface of the couutry. 

The inferior oolite appears again in Campdea and Boortoi 
hills, near Evesham, and paeses through Gloucestershure 1 
■Winchcombe, Northleach, and Painswick. It also oconra 
Lansdown and other hills in the neighbourhood of Bath, fon 
ing the cap of Dundry and Stnntonbury hills. South-west 
Frome it appears in the platfonn of Doulting, extending Ij 
Bruton and CaBtJe Gary to Bradford Abbas. From this poid 
it increases considerably in width, and extends by Crewkepf 
and Bi'idport to the coast of Dorsetshire. The inferior ooJitt 
furnishes a famous building stone of a quality very Buperin 
to the ordinary Bath oolite. It is probable that the qoarriet 
in the noighbouihood of Bath first acquired their ropatatiBB 
from the employment of iha lower oolites, which art 
extensively replaced by beds of softer and more perishabh 
quality Irom the great oohte. The inferior oolite of Boudlf 
famished the stone for building the beautiful church of Sb 
Mary Eedcliffe, at Bristol ; whilo the Doulting stone, naa 
Sheptoa Mallet, was used in WeUs Cathedral and Glaston- 
bury Abbey. In colour it is yellower than the great oolitSi 
the oolitic grains are larger, and the cement whioh 
them stronger and more crystalline. 

The lias formation is a great mass of clay with snbordinaU 

beds of limestone and marlstoue which commonly uuderliei 

He interior oolite, and is very extensively developed in Eng- 

Jaad. This formation may be liaoui Miiui^fcKvi^VaAl.^ from 
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jCoast of Yortshire at Eedcar and Whitby, to that 
MUkire at Lyme Regis and Axmouth. It ranges with a 
J \aiiabl6 width through all the counties lying hetween 
D extremo poiuta. Its greatest hreadth is prohnhly m tha 
^bourkood of Towcester, where it occupies a tract uei 
lilee in width, with Bome slight interruption by patcl 
e inferior oolite. 

le oolitia system, like the orotaccona, has probably 
It bme been universal or nearly so. The memherB 
ipoae it may be traced either in an entire or partial 
ind the edges of the threo groat chalk baeiiia of Fran< 
lely, the Anglo -Parisian, the Fyrenean, and thi 
uuaD. We £nd oolitic rocks in Spaio, Portngal, Itel] 
tdmoat, Switzerland, Germany, Lnxemburg, Bwabia, Wi 
idiiirg, WcBtphalia, Saxony, Bavaria, &c. They e 
s Uinor, in the Crimea, covering a great extent of 

I, and passing thence to the icy sea on both sides cA 
Ural Uonntains. They appear in Indiana, North Ame- 
; fllao in the Cordilleraa ol" Coi(mmbo, in. Chili. They 
I been recognised in the mountains of Himalaya, in the 
It Indies. 

heiB distant points include an area which extends in the 
ibern hemisphere over 60' of latitude, aud iu the southern 
usphere from the torrid zone to the 3Uth degree. The 
Ued oatposts scattered at euch immense distances over 
Barface of this planet prove that the oolitic formation is 
a partiaJ or local deposit, but that it bas spread over by 
be greater portion of the earth's surface.* 
raking a general atratigraphical view of the whole oolitic 
it,, it may he said to consist of four great masses of 
ueoas or partially permeable strata separated by thick 
gK>Mls of clay. Thus the Portland oolites, limestones. 
"« repose on the Kimmeridge clay. 2ndly, The corn 
I uleareooa grits of Headingtou rest on the Oxford 

• D'Oi'hi^ay. 
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Sriily. Beneath (Lis come tie combrasb and Bath, ot gri 
oolite, resting on the fuller 's-earth. Below this, again, b 1 
inferior oolite, and its accompanj'iog eaada resting on £ 
thick mass of the lias clny. 

This remarkable alternate sacceBBios of poroas aad irapan 
meable beds, gives rise to inBunierable springs all over lU 
oolitic country ; and the repetitioa of similar bede gives 
to similar phenomena bom tho top to the bottom of tb| 
eeries. Thiis, Ibe Kimmeridgo cUy, which probably vuitf 
in thickness from 70 to 600 or 700 feet, throws out the wabf. 
which ginks tbrongh the porous beds of Portland Etone 801 
-Band. Hence in sinking wells through the Portland bet 
which are usually less in thickness than the Kimmend 
clay, water will commonly be met with at no very coasidi 
able depth ; whilst wells sank in the clay may possibly bn 
to penetrate 700 feet before deriving any water, which A 
only arise from the coral rag beneath. The Kimmeridgs Bi 
is usually of a bluish slate colour, and frequently contMil 
bods of bituminous coal. Sometimes, however, the 
approaches more to that of grey, and ig aometime 
yellowish or reddish brown. It has an unctuous, grOBJ 
feeling when rubbed, and has frequently a fissile, laminated 
appearance, owing to the presence of vegetable matter. 

The French geologists estimate the upper division of I 
oohtic series, from the top of the Portland rock to the ba 
of the Kimmeridge clay, at 700 feet in thickness, 200 
which they assign to the Portland rock and sand, and $ 
feet to the Kimmeridge clay. In the ueighbourhood 
Weymouth, the Portlnnd stone and sand are each about i 
feet in thickness ; and the lUmmeridge clay, at the viUsgk 
of Kimmeridge itself, is about 600 feet, but it grnduaUj^i 
becomes thinner, till at O.tford it is reduced to 70 feet. ] 

Dr. Fitton gives the following thicknesses: — PocfIiiJ«i'| 
Slfjnn— In Portland Island, between 60 and 70 feet ; it I 
Sirindon, 60 to 05 ; at Groat Hazely, in Oxfordshire, 27 feat jf 
U Brill, nbout '23 feet ; neat C^niwiAoii, B.ui'VAiitchurch ta ] 
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ingb am shire, from 4 to 20 feet, Porlland Sand — Near 
, Alhan's Head, in the Isle of Purbeck, 120 to 140 feet; 
the Isle of Portland, 80 feet ; near Thaine, in Oxfordshire, 

oat 60 feet. 

According to Sir Henty de la Beche and the Dean of Weat- 
iiister, the thickness of the Kimmeridge clay in the bay 
im which it takes its name is GOO feet ; but they state the 
ickness at Eingstead to be only 300 feet. Sir Henry de la 
Bcbe considers the general thickness in the sonth-weBt of 
Jigland about 500 feet. Dr. Fitton saya it is only about 20 
«t tkick in one of the Headington quarries near Oxford. 
Tlie Portland oolite and sand, as well as the Eimmeridf^e 
lay, are marine deposits, in which littoral shells appear to ha 
lixed up with those inhabiting deeper water. Some parts of 
b Kimmeridge clay contain so much bitumen as to inflame 
fontaneoasly, and continue smouldering for long periods. 
|Mb of the liitaminous beds are used for fuel ia the neigh- 
fe^Dod of Kimmeridge. 

BTkier issnes ahondaatly round the edges of the Portland 
m, where it is underlaid by the Kimmeridge clay. In 
inking through the latter the small quantity of water which I 
i met with ia the partings is usually of inferior quality ; and 
I is commonly necessary to sink through the whole thickness ] 
'f tlie Kimmeridge clay before finding aa abundant supply I 
f good water. The supply for Boulogne-sur-Mer is obtained f 
1 springs at the top of the Kimmeridge clay, but the 
Btity is miserably deficient. An attempt is being made to 
e an additional quantity by sinking in the clay. This 
apt will probably fail, although the cliffs are extremely 
■'Owing to the percolation of water into the minute sandy 
pigs c^ the clay. 

CORAL KAO AND OXFORD CLAT. 

le Goral rag in Wiltshire, according to Mr. Lonsdale, i 

Pfeet in thickness. On the coast, near Weymouth, Sib I 

e la Deche gives the thickness at 150 feet. Iht O^tmi I 
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elny at Weymouth la atont 800 feet in tiuckness, but Sir S, 
de la Beche conaiderB the general thickness inEnglatid 
600 feet. The French geologists diiler considerably froit 
the English in estimating the thickness of these formatioBS 
Hiey assign nearly 1,000 feet to the Oxford oolite asd cord 
rag, and nearly 600 feet to the Oxford clay.* 

The coral rag is so named because the central part of it 
consists of a loose rubbly lin^estone, which is almost entirely 
composed of an asaemhlage of branching corals belonging tdi * 
the family of the madrepores. Above this central corallini 
mass are beds of calcareons freestone, tolerably close in 
ture, frequently very indistinctly oolilie, but sometimes 
sisting of sQch large ovifortn grains as to have occasi 
the name of Pisolile (pea stone), which waa applied to it bf 
Mr. Smith, the father of English practical geologists. BeltnT 
the coraUina part are yellowish, sandy, calcareous bed^. 
traversed by irregular strata, and concretions of indoratt^ 
calcareo-siliceouB grit stone. 

The vrater of the coral rag is frequently impregnated w^ 
iron, which is commonly abundant in the lower sanda of 
BerieB. The coral rag of Wostbury, in Wiltshire, has be*i 
worked for iion smelting ever since 1860. This formafiod 
IB one of those which, owing to its loose incoherent natni^ 
and to the fissures which traverse it, is found to engnlpli 
swallow up the Btrcams flowiug over it, especially Qii 
whose course is oppoBod to the natural dip of the bw 
Several examples of thiB may be seen near Headingtoa 
Oziord shire, where the Bmall Btrcams which flow from f 
ittrface of the Kimmcridge clay towards the ChenveS 
frefjuently lost in passing over the coral rag. 

The Or/ord day is a thick mass of dark bli 
clay, frequently mixed with calcareous, and Bomotimi 
bituminous matter, and abounding m places witL 
end argillaceouB geodes, traTersed by veins filled with 
sate of lime. Many of the beds contain sulphi 
• D'OcLigny'B Couvsa; 
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pyrites, besides snipliates of Jime, gypsum, and mag- 
These minernl ingrcdienta often impiegnate tho 
of tliis formation to such an oxt«nt m to render 
Faluablo for medicinal purpoaea. Some of these watera 
irgative, as at Btaufield, in Lmcolnshire ; EingeclifT, 
imptonehire ; Cumner, Berkshire ; Melksham and Holti 
lire. 
water of Woodhall Spa, in Lincolnshire, which is 
from a well in the Oxford clay, is strongly impregnated 
iodine and bromine. Chalybeate and other mineral 
the Oxford elay of Wiltshire. It ia usaally 
ory to sink a considerable depth in order to procure 
in the Oxford clay. A well, 478 feet in depth, haa 
rank through it at Boston, in Lincolnshire, without 
tng an adequate supply. The well at Woodhall is said 
940 feet in depth,* having been sunk as an attempt to 
coal. A brine spring, however, was met with at a 
of SOO feot, and this is the one which contains the 
and bromine. From the accouat given by Dr. Gran- 
l the Btrata passed through, the water appears to coma 
be combrash at the base of the Oxford clay. 

r OOLITB 4KD fdi-lee's-eabth. 
beds ranked by geologists nnder this name vary much 
position in different parts of the oolitic range. The 
eh, however, generally appeurs to succeed the Oxford 
id interpose between it and tho oohtic beds, from 
this part of the series takes its name. The cornbi'ash 
rubbly limestone, of a grey or bluish colour when 
Lit on the outside usually brown and earthy. It 
ben quarried, commonly in thin beds, and ia seldom 
Ijer more than 15 or 16 feet in thickness. The great 
Yorkshire, conaista of sandstones, shales, and hme- 
lont 230 feet in thickness, and is not succeeded here 
GranviUo (m tho Sjas of Euglnod. 



by faller's-carlh, but bj a moss of sandstones and Ebn!es ot 
£SU feet, which separate the great oolite from the mferior 
oolite. In LiDcoInsiiire the oombrasU is about six feet Qikh 
Xo this ancceed beds of clays, shales, shelly, and marly 
oolites, Euid, in the tower port, sands which rest on the inferior 
oolitti. The whole thickness of the great oolite, and of the 
a which correspond with the fall er's- ear tb, is not more in 
liincolnahire, according to Mr. Morris, than about 116 led, 
while, in Yorlishire, the thickness is more thaD 500 feet. 

In the Bonth-west of England, as in the neighbourhood of 
BfttU and Frome, the combrash is succoedod by Bands, anl 
by beds termed forest miirble, which are sometimes 100 feet 
in thickneaa. Then cornea tbo Bradford clay, 40 to 60 feet; 
the great oolite, 40 to 120 feet, and below tliia tlit 
fuller's -earth, which at places Is 130 feet thick, and M 
othore, thins oat almost to nothing. The great oolite lUid 
fullor'3-eaith together, in the Bouth-west' of England, vbiJ 
from 80 to 410 feet." The French geologists assign a mad 
greater thickness to this part of tbe oolitio series. Tliej 
estimate the Callorien formation, which corresponds ^Ib 
the lower part of our Oxford clay, and witii the Kellowiy 
rook, at 600 feet. To the Ufitlwnien formation, -whicli 
corresponda with our cornbraah and great ooUto, they assign 
a thickness of 200 feet. The fuller' s-earlh {terre d /iivlen) 
tanks with them as a member of the Bajoden formation, 
"which comprises also the inferior oolite, having a, total tkick- 
nesB of 200 feet. The Bradford clay where it occurs overliM 
the great oolite, but ia commonly wanting, escopt in thB 
lighbourhood of Bradford, onbothaidea of whicbitthinsooL 
The great oolite, so well known from the large qnorrtes at 
Bos, Farley Down, Bradford, and Comb Down, conaista at 
top and bottom of shelly, rubbly oolites, encloaing n central 
t of fine-grained oolitic freestone, varying from 10 to M 
feet in thickneaa. It is tbiti &eeatone which ia ao extensively 
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(rked in the neiglibourbood of Bnth, bat ila quality i; 

s equal to tlifit of the lower oolite, which haa a mui^ 
agher and more crystitlline Etructure. 
32ie same general rule which haa been before alluded t 
to the occurrence of water on the surface of clays undei 
ng permeable rocks, applies to thla part of the 
ies. Where clays support the cornbrash and aeparata i 
n the great oolite, springs of water are found and water 
asily procured from welis. Thefuller's-earth again throws 
, the water which sinks through the great oolite, in which 
I wells are conunonly of considerable depth. 
Jhd cornbraah, like the coral rag, is remarkable for c 
fbing the water of streams which flow over it. Messr 
nybeare and Phillips observe, that about 80 swallow LoUb' 
y bo noticed in the space of half a mile around Hi n ton, 
tlw sandy cornbrash of Somersetehire. A similar pheno- 

iccars to various branches of the Eye about Kirby,_ 

iOrside, and Helmaby in Yorkshire. 

Ike springs which biGak out from the fnller's-earth whet 

IB paases nnder the great oolite are naually very copious. I 

Those springs are very abnndant in the town of Frome a 

Uie adjacent valleys It must not be BTipposed that the mi 

to which the name of fuller' a- earth haa been 

tttirely of this peeulinr substance. At Bath, and in the 

ighbourhood of Frome, where the fuller's -earth formation 

l)est developed, the upper part conaists of 30 to 40 feet of 

16 and yellow clay, then 6 to 8 feet of tnio fuller's -earth, 

weeded by 100 feet of brownish clay, frequently inclosing 

9b of tough rubbly limestone, called the fuUer's-earth rock. 

^e town of Cirencester is supplied chiefiy from wells 

k into a gravel bed resting partly on the great oohte 

I partly on fuller' s-earth. The deeper wella sunk into 

. fidler's -earth yield very copious supplies of water. The 

fco for supplying the summit level of the Thames and 

M Canal pumps more than three miUion gallons per day 

n a well in the fuller's- ciirth, _ 
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In all tbo deep valleys ia the oolitic range Buch as tbo^i! 
of Cireuceslor, Strond, and Bradford, immense volumes tt ] 
water are thrown out by the fuller's- earth, mauy of tl» I 
Bprings, like tboea at Boxwell and Ampney Crncia, i 
CintncostcT, yielding several millioii gallons a day. 

INFBBIOB OOLTTB AKD I.LA9. 

In Yorkshire the inferior oolite is about 80 feet in iLiek-' 
leas; in Lincolnshire, 20 to 60 feet; (md in the Weet of 
England, in the neigbhoorhood of Bath and Cheltenli 
ISO to 230 feet. Air. Lonsdale gives 180 feet aa the general 
thickness in the hilld aronnd Buth, and observea that tbs 
Dpper CO feet consist of llmestoite, having a distinctly oolitic 
character, while the lower 70 feet consist chiefly of sand, 
Jightly calcareoDB, with irregular concretions and coarees 
of limestone. In the Cotteswold hills, near Cheltenham and 
Leckhampton, the upper portion consists of sandy bade, tk 
middle of good freGBtono of a yellowish white colooi, and tlie 
lower bed is a pisotitic rock composed of rounded or flatUned 
grains about the size of a pea, cemented by a calcareou 
paste. 

The lias consiata usually of three principal divisionB, 
namely, the upper maria and shales, the marl-stone or Wm 
lias rock, and the lower lias marls. The thickness of tha 
liaa in England variea in difl'ereut plaices, and according to 
diSerent anthorities from 400 to 600 feet, and in Lcckhamp- 
ton Hill, in Gloucestershire, the late Mr. Strickland estimBlcd 
.0 thickness of the three members composing the lias at TSO 
et. In the neighbourhood of Bath, according to Mr, Lons- 
dale, the whole thickness of the lias is under 800 feet. Among 
the French geologists the Bajncien formation, which includoa 
the fuller's -earth and inferior oolite, is estimated at about 
feet, while the united thickness of the three members of 
the lias, namely, the Toarcien, the Liaaien, and the Silii- 
murUn stages are estimated at nearly 2,000 feet. 
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he Freneli geologiats consider the wholG thickness of the 
tic aeriee from the top of the Portland rock to the base of 
lower Has ehales to be nearly 5,100 feet, 
he I'lAti throws out springs at ita junction with ths 
rior oolite, jnst in the same manner as the fuller's- earth 
3 where it underlies the great oolite. These springs aro 
7 copious in the Meudip district, where the inferior oolite 
s sometimes on lias, but often overlaps the edges o 
er, and reposes on the highly inclined strata of m 
I limestone, which fiank the Mendip range. The towns 
Gioncester and Cheltenham both derive their supply of 
,er from springs which rise at the base of the inferior 
ite, where they are held up by the has. Bhepton Mallet 
I other smaller towns in Somersetshire are supplied in the 
10 way by streams of running water, which have their 
gin from springs arising in this manner. 
Qie mineral waters of Bath are derived from springs thrown 
fcby the lias, while those of Cheltenham and Gloucester 
Bbawn from wells sunk in the lias. Cheltenham and Gloit' 
)ter spas contain a large proportion of the muriates and 
phates of soda, while the Bath water contains a very small 
imtity of the Baits of soda, but a notable proportio 
Iphttte of lime. The Gloucester and Cheltenham watera 
io contain a grain of bromine in C to 10 gallons of water, 
lile the presence of this substance has not been noticed in 
y analysis of the Bath water. The thermal springs in Bath 
y in temperature from 80° to 120° Fah. 

I principal places situated on the oolitic formation 
igland are Whitby, Scarborough, Malton, and Market 
eighton, in Yorkshire ; Lincoln, Blcaford, Grantham, 
iiToe, and a few smaller towns in Lincolnshire. Proceed- 
j southward, the following towns are also on this forma- 
—Oakham, Stamford, Peterborough, Uppingham, Mar- 
Barhorough, Huntingdon, Higham Ferrers, Northamptor 
ford, Evesham, Banbury, Buckingham, Oxford, Witney, 
, Tewkcsbary, Cheltenham, Qlouceater, Ctceatsi^^jOT^ 



no TOK TKIA8 i 



rnirfiird, LccLIode, Furingdon, Abingdon, Highworth, Crick- 
u, Cutoo, MalmBsbury, Chippenham, Bnth, Melkitbiim, 
Urnilford, Trowbridge, Fromo, Shepton Mallet, Broton, 
Glftstonbury, Bherbo rue, Yeovil, Ilminster, Crewkerne, Aj- 
iniuEtor, Axmoutb, Chormoath, Bridport, and Weymouth, 
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This IB the nomenclature now commonly adopted hyE 
liah geologists for the old niuiics of now red sandstone isS 
the magnesian limestone od which it rests. The trias group 
consifitB in the tipper part of vai'iogated red, white, and Um 
marls and clays, frequently abounding in gypsum and selenitBi 
while the lower port consists usually of red days nnd emi- 
stones, being generally much more arenaceous than the upper 
or gypseous beds. The Permian group coustets of dolomitivi 
r mognosian limestones, and, in its lower portion, of sand- 
Etones, conglomerates, and beds of indurated and cemeutei 
pebbles or pudding stones. 

The eastern boundary of the trios group may bo traced in 
Bomething like a continuous line from the mouth of the Tees 
in Durham to the Euglish Channel in Teigamouth Bay, but 
it is far otherwise with the western limits of this great formii- 
tion. The trias and the Permian groups form the lust oi 
lowest in a stratigmphiciLl sense, of those formations which 
appear to have been deposited in regular, concentric, and 
parallel layers, one over the other. It is true that frec^ue 
one member of the series above the new red sandstone o 
laps the edges of another, or perhaps several of those beucatli 
io that the order of saccession is fonnd to have gaps ia 
which certain strata are wanting. Thus, the lower members 
of the cretaceous series are frequently found to overlap 
Beveral of the upper members of the oolitic series, so 
the latter do not appear at the surface at oil ; and the forma- 
tion No. 2, for instance, is found to be in contact with, and 
immcdiataly reposing on No. B, the intcimediate members 
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A being ■wnnting. Not withstanding this peculiarity, 
OS chiefly due to what is callod the thinning ont uf 
dar fonaatioss, there Is a general order of snper- 
h, and a general parallelism of dip, throughout all the 
Ions vie have been considering, and this paraUelism 
a to the base of the Permian series. This parallelism, 
I by geologists the conformabllity of strata, indicatoa 
ttring the vast intervals of time which the Permian and 
Derior groups have required for their deposit, no very 
B elevatory movements of the earth's surface have taken 
Land, at all events, that no very important movement 
un place in the interval between the completion of one 
ion and the deposit of the next succeeding one. 
["when we look beneath the Permian formation, we find 
Ey difierent state of things. We find that movementa 
fcrust of the earth, on a scale almost too vast for com- 
iaion, must have taken place between the deposit of 
llBDOzoic, or first-formed rocks, and the commencement 
B great parallel series which commences with the Por- 
Broup. In the langnngo of geology, we find the moso- 
C middle-life series of rocks, resting nncon form ably on 
Itoozoic or eariy-life series. Sometimes the trias or the 
atn group rests upon granite or syenite, as on the flanks 
B Malvern Hills ; somotimos it rests on earboniforoua 
jpne, or other members of the groat coal scries ; aoma- 
nin the old red sandstone ; and sometimes on the still 
picieat rocks of the silnrian series. Whatever forma- 
irests on, however, the stratification of the older gronp 
ir conformahle, or parallel with that of the newer. The 
E the trias and Permian group in England are usually 
kttal, while the older rocks on which they rest are com- 
Sinclined at high angles, and are sometimoH nearly 
This remarkable absence of parallelism shows that 
Kuterval between the close of the palroozoio and the 
pieemont of the mesozoic period, immense subterranean 
Blast have boon at work to overthrow and break n^ tha 
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BoliJ crast of the cartb, aud that these forces had genenJIj 
eeasod to act before the inesozoic deposits commenced. 

The vast pkinB of new red sandstone and magneslon Hmo- 
etoue whicli cover so greiit ft portion of this island, hare been 
compared to the figoro of a sea compoBed of horizontal ledi 
of red marls, sands, and eaadstones, eurroundiiig elevated 
islands of oarbonifcroua rocks, old red eandstone, Silnnui 
rocks and others, all variously and irregularly stratified.* 

These plains commence north of Carlisle and Suniierlsni, 
on the opposite sides of England, and skirt the elevated 
mountain district of Durham, Westmoreland, Yorkshire, Iah- 
cashiro aod Derbyshire, as fai south as Nottingham Rnd 
New castle- an der-Lyne, between which places they boida 
the elevated district of Staifordshire and Derbyshire. Hu 
extreme horse-shoe boaodary of tlie mountain district thna 
ekirted by the Permian and trias groups iram TjnemoDth 
round by Nottingham and New cab tie- under- Lyne, and thenca 
northward to Newcastle-upon-Tyne is not less than 650 
miles. On the east side the breadth of the plains will, pro- 
bably, not average less than 16 miles, while on the west side 
the breadth is seldom more than 3 milea, except in the plaina 
of Cheshire, and in the valley of the Eden, near Carlisle. 

Throughout the whole of this extensive boundary of the 
palteozoic rocks the magncsian limestone nndcrliea the new 
red sandstone, except in the southern part from Nowcnstls- 
under-Lyne to Nottingham, and in a part of LancBsbiM 
betweou Ulverstone and Preston, where the magnesian lime- 
stone has not been observed. The principal development of 
the Pcnnian gronp estonda on the eastern side of the mcnn- 
tain district from the mouth of the Tyne to Nottingham, i 
length of about 150 miles. Throughout this extent it ot' 
cupiea a somewhat dopresHcd range of hills resting on tt' 
coal measures of the Durham, Yorkshire, and Derhyshin 
coal fields. The average breadth of this tract of magnoeiai 
limestone on the surface does not exceed 3 miles, hnt i 

• CoiiyiiCtiCB and Phillipa. ^H 
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pbe3 abnndant eupplies of excellent lime in tho ncigh- 
^ood of Knarefiborongh, Knottmglej', and other places in 
tahire. In BerbysLire are the famous quarries of lioU 
i Moor, AiiBtone, and other places, which have sup- 
3 for the New Honsea of Parliament, and fof 
^ ancient and celebrated edifices all over the north of 




its chemical composition con- 
ly eqnal proportions of carbonate of lime and 
of magnesia, and has commonly a more granular 
■ndy Btructure than common limestone. The varlutiea 
k make such cxccUent lime at Knottiugley, Kiunersloy, 
irotberston, are nsnully hard, bluish-white, thiu bedded 
(ones, while the best building stones of the formation 
Bnally buff-coioured or yellowish freestones, which dry 
I almost white colour when they lose the quarry water, 
a neighbourhood of Nottingham the Permian formation 
&1B thick beds of quartz gravel. Throughout the 
grn part of its range the magnesiau limestone from 
ion by Manchester, Stockport, and Cheadle, is seldom 
[than a mile in width, but in the valley of the Eden ilfl 
1th is about 3 miles. 

le trias formation occupies the space between the mag- 
B limestone and the lias on the eastern side of the 
I, while on the western side, between Liverpool and 
de, it occupies the space between the sea and the mug- 
B hmestone, or the older rocks where this is wanting. 
j-Cheshire and Salop, the trias or new red sandstone 
ies an extensive and regular plain of about 60 uiloi 
torth to south, and about 25 miles in breadth, inter- 
I only by a patch of has which exists in the neighbour' 
Df Wem. 

ith of the Trent, the great plain of the trias consists 
tnangular area in the counties of Stafford, Leicester, 
later, and Warwick. Tho base of the triangle from 
Act to the Shropshira coal field U abuut G5 nul.UH^,B.u^ 
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itA Icngtb, from Lhe base to the apex, at NcwLLnm. id GIoQ' 
ceBl«rsliir6, about 75 miles. Tbe eastern boaodaiy of tbn 
triangular district ia new red Eandstone nuderlj'ing the lias 
ftnd tbu western boundarj is a narrow strip of tho Pemiiui 
rocks, av(^^agi^g about two mitea wide, either resting nt 
abattioj; od the coal measures of the Shropshire and Cal»' 
brook I'ale coal lields, or tho syenitic rocks of Malvern, on 
tbd aiJariuDB of Micbcldoan and Newent. In the midst 
Uiia gruat triaogular plain of new red sandstone are tbi 
\filaiid§, in which the older rocks are protraded througli I 
earface and occapya considerable area. One of these islsr 
consists of the elevated sjenitic district of Chamwood fore 
and the coal field of Ashby-de-la-Zonch, near Leieesttf 
Another is formed by the syenitic hills of Nuneaton and 
small coal field which flanks them on the western side. Tk 
third island consists of the StaiFordahire coal field, botwefl 
Birmingham and Wolverhampton, with its remarkable 
panying trappoan and eilnriaa rocks in the neighbonrhood 
Dudley. A patch of mngnesian limeptone appears on t 
western side of the Tamworth coal field, and a similar to 
entirely smrounds tho Staflbrdshire coal field, being nsaallj 
faulted against the coal measures, not resting on tbem as b 
the north of England and in the south-wcBt. 

!Ihe new red sandstone throughout this great triangnlu 
area has tho nsnal typical characters of the formation! "" 
upper beds being the most argillaceous, and containing ii 
])IaceB large quantities of gypsum. The variegated cotouri 
are chiefly peculiar also to the upper beds. The more Kttmtf 
coous beds, and tboso which become indurated into ston^ 
as distinguished from the upper marls and clays, are usuaDj 
the lower beds of the series, and these are generally eitlw 
red, or, more rarely, bufi' oolonred. 

Occupying a narrow gorge in the valley of the Severn tk 
Uownham, the new red sandstone passes through Gloaoes' 
toruhire, Bomorsotshire, and Devonshire, to the sea coast is' 
Teignmonth Bay. It is naually accompanied by its under- 
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ieSs of magnesinn limestone, which in the SGnth-ircat 
tcQOnly & hard eODglanierate or breccia, nmlaiiuDg 
Ik fragments of carboniferoQB limestone and old red 
lone. As in the nortlieni parts of England the triaa 
'ennian formations surround the older elevated eoul 
in the neighbourhood of Bristol, In the same manner 
aantle round the Mendip Hills and overlap the edges of 
d rod and carhontferoas limestone of Devonshire and 
raetshire. The mode in which fragments and masses 
Lgnosian conglomerate hang on tins sides of the older 
in the neighbonrhood of Bristol, and in the deep pic- 
Rifl valleys of tlie Mendip Hills, is highly suggestive of 
utdon. One sees in imagination thnt ancient sea filled 
nbe huge detritus from dlempted monntalns of lime- 
fc millstone grit, and old red sandstone. One connects 
fipken truncated fragments which bang on the precipitous 
pt ft valley with those which appear on the opposite 
tiHid marvels at the miglity agencies which have thug 
Session formed and hrolicn up, and again and again 

ihe shattered surface of this planet. Great and 

a the wonders revealed by geology ! 
B triaa formation is largely developed both on the con- 
I of Earope and in those of America. It exhibits itself 
t Pyrenees, in the Var, on both slopes of the Vosgea, 
S Normandy. In other parts of Enrope the new red 
represented in Germany, Eelginm, Switzerland, 
I, Spain, Poland, Bohemia, Moravia, and Bosaia. Beds 

ar in the United States of America, and cover vast 

the republic of Bolivia in South America. They 

1 traced in Columbia and in Mexico, and may be 
extend from 20° of south latitude to 48'^ north. 

b Permian formation has a stil! more extensive range, 
|t«aid to have been identified by moans of its fossils as 
h as Spitsbergen, in the 80th degree of north latitude, 
s its name from the government of Perm in Eussia, 
i-Oie formation is largely developed. 
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Neither the triaa nor the Pcnnian groups riae ii 
country itito escnrpmenta. Dor do they present that n 
dip which diatinguishes the more roceot formations, and IwMI 13 
it is thut monaures of absolute thickness are difficult to obtaiB ra 
Nor ore such measures of much value in formations of tlal ;- 
kind, as the depth of sinking required to penetrate thronf^ ^ 
tliem will vary greatly in difl'orent localities, and the geolD- 
gist's measure of thickness will throw very little lighl a 
this practical part of the question. 

Messrs. Conybenre and Phillips quote several instascea d 
pits sunk from 600 to 720 feet through the new red b 
stone without reaching the bottom. Two of these sinli 
were in the county of Durham, and one at Bvesham, in C 
cestcrebire. They also observe that in shafts sunk from A 
lias down to the coal measures at Pucklechurcb, in GlooN 
tersbire, the trias and Permian groups together were i 
more than 163 feet in thickness. In fact, in the sooU 
west of England where the new red sandstone is spread <M 
over the upturned edges of the carboniferous rocks, thfl 
are many places where it thins out to only a few 
thickness. 

Mr. Biunoy* estimates the thickness of the red and vant- 
gated mai'U and sandstones of Cheshire at nearly 2,000 fost. 

Messrs. Conybeiu-e and Phillips state the average tbickneal 
of the Permian and trias groups together, in the sou 
of England, at about 200 feet. 

The Permian series is also exceedingly variable in thick- 
ness. In Derbyshire the thickness is given at about 300 feet 
by Messrs. Conybeare and Phillips, while they observe thai 
in Glamorganshire tbe thickness varies in contiguous difi^ 
from 80 inches to as many feet. 

M. D'Orbigny estimates tbe entire thickness of the triu 
group at about 2,360 feet ; and that of the Permian at frost 
1,600 to 8,300 feet. 

The surface of the new red sandstone is perhaps i 
• rroceedings of Geological aociet7, vol. ii. p. 11 
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lian tliat of any other formation with gravel and 
iritna, wbich is aometimea porous, and at other 
permeahlo to water. Profaaaor Sedgwick describes 
red Ba&dstono surface in the valley of the Edea, 
led for miles together under great heaps of old 
etritus," 

wells are sunk into the gravel lying on tho stiff 
marls of the upper new red sandstone, an abundant 
f water is commonly procured in domestic wella 

land springs which are sura to be met with in 
lations. These supplies, however, are generally 
dequate for a town of any considerable size. la 
okings into the variegated olaye and maris of this 
twellshave to he sunk a great depth, namely, down 
ad or sandstone beds, in order to produce any largo 
of water. Nearly all the principal towns which 
rcured large supplies by sinkiug in the new red 
B, as Manchester, Liverpool, Nottingham, &c., are 
ti the arenaceous part of the formation, which is 
tt6 absorbent of water than the superior clayey and 
rtions. 

iw red sandstone of Cheshire and Lancashire may 
ited into three principal divisions. According to 
»rod," we have, in descending order — 

lliferons and gypaoouB teda of Cluireh Lnir- 

neai CongleUin Gj9 

oireaponding heila at Kortliwich and Mid- 



TBke the mean of these, or 700 

itonebedB 4U0 

lone bedfl ooiTRsponding with thi! Hunter Sand- 

1 of continentiil gtoIogislB 000 

Total 1700 

m salt field of CheBhiro.— Ptoccodines of tho Gei,loeioai 
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Tlifl deptU of tho hch has been well asccrtaiiidd in C 
ill couseqai'Hce of the numerous sinkings for rock a 
brine BpringB. Mr. Ormerod observes that all the i 
tbicknesaea are probubly understated. 

Tbe saliferous marls of Cbesbire, Staffordshire, and | 
oestorBhire form a very interesting portion 
group. The wbole of the new red sandstone distriatflj 
much intersected by faults, that the depths both of then 
salt and of tbe brine springs present great anomalies. 

Tbe thickness of unproductive gypaeons marls, and A 
overlying tbe salt measures, is fretjuently as much ai 
and, in some places, even 4S0 feet. Tbe brine spfflj 
commonly rise in tbe shafts to a much greater height, 6 
100 feet higher than that at wbii^h tbey are first tapped, f 

At Uiddlewich, which appears to be the centra andfti 
of the salt- producing district, the first brine spring is ii 
witb below a layer of blsuk gravel about 9 inches in 
ncHs, between two horizontal beds of indurated clay O! 
at a depth of about 7S feet from the surface. This btiM 
spring risea to the height of 18 feet from the sm-face. Tm ^ 
other brine Eprings are met with at Middlewicb at deptluol 
1'2G and 144 feet. The brine springs of Middlewicb ci 
from 88 to 42 ounces of salt in each gallon. Tbe Stafturj) 
ahire brine springs in tbe neighbourhood of Ingcstrie, i 
Btofford, contain about 84 ounces per gallon. Tbe Stafford 
shire salt bed, although separated from, the Cheshire by thff 
North Staffordshire coal field, and by a tract of tbe loiv'M 
Baudatono, occurs like the Cheshire, beneath about 300 ferf 
of red and gj-pseoua marls. There are numi 
springs of medicinal water in the new red sandstone distriit 
the moat celebrated of which are those of Hartlepoul, Cr(^ 
Uarrogate, and Askern, in the North of England, 
southern and midland counties, mineral springs ot 
Leamiugton, Tewkesbury, Ashby-do-la-Zouch, &c. Most ol 
these contain large quantities of common salt, together nitftJ 
Iho Uim'Juto of magnesia and other purgntive suits. 



Riel 



>tTP9. 119 

le Permian gronp, as described by Mr. Binney and Mr. 

norod, in Lancashire, is about 830 feet tliick, of which the 

per 210 feet consist of red and variegated marls containing 

n beds of limestone, and the lower 120 feet consist of red 

idstooo. The Permian gronp in the Houth-west of Eng- 

id consists usually of a conglomerate or breccia, enclosing 

ge angular fragments of carboniferoua limestone and old 

1 saudstone, and passing upwards either into beds of 

1 sandstooe, or into strata of fine grained dolomitic or 

Ignesian limestone of a yellowish colour. In the Menilip 

ict the magnesian limoatone is frequently cavernous, and 

.contains extraordinary subterranean reservoirs of water. 

nfessor Sedgwick, in a very valuable paper published in 

geological Transactions, vol. iii., Second Series, has thus 

nbed the subdivisions of the great bolt of magnesian 

Mono which extends from Nottiugham into Durham. 

(BHiats, in descending order, of the following : — 

Grey thin bedded limestone. 

Lower red marl and gypsum. 

A thick deposit of yellow magnesian limestone, often 

cellular and eaiihy ; sometimes Lard aud crystalline. I 
Variously coloured marls, with thin beds of compact 
and shelly limestone. 1 

: Marl slate, associated with gray, thin bedded, and ■] 
nearly compact limestone. 1 

Lower red sandstone. I 

Ida port of the series in Durham is about 12G foet thick, I 
i^pears to yield an unusual quantity of water. Professor I 
prick mentions several instances of the great volume of I 
I met with in sinking through this formation. One of I 
I is Eppleton coal pit, in which this bed was found to I 
, 48,000 gallons of water per hour, or considerably mora i 
1.000,000 gallons per day. Other cases are mentioned, I 
8 new wator-works at Bishop Wearmouth, and pits sunk I 
|fl proprietors of the Hetton coal works, in which very I 
me springs were encouutcrcd in this fovnia-Lioa. J 
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Mr. StephoDBon, in Lie second report on the Bn'bject 
spring water iapply from Watford, mentions the sahject 
tita extraordinary yield from the lower bed of the Fermiu 
scries in the coonty of Dnrham. He etatea that fiom twi 
shafts snnk within a few yards of each other, the incradiblt 
quantity of 14.000.000 gallons a day has been pumped g; 
from tbo stratnm of sand which crosses them. This gtmlm 
of sand is described as lying between the magnes 
stone and tho coal formation, and is, therefore, prohabljr 
identical with tho lower red sandstone of Professor Sdf 
wiok'a subdivision. 

Tho following are tho principal towns in England Bitunkd 
on the Iriaa and Permian formation : — 

1. In the valley of the Eden — Carlisle, Penrith, aai 

Appleby. 

2. On the western side of tho great Lancashire and Ita> 

byshire coal fields ore Lancaster, Preston, Liverpoolt 
Mancbostor, Stockport, Chester, Northwich, Middl*- 
wich, Congleton, Wrexham, Market Drayton, aii' 
Bhrowsbury. 

8. On tbo oastom side of the Durham, Yorkshire, tsU 
Nottinghamshire coal fields are Sunderland, Dar- 
lington, Stockton, Thirsk, Eipoa, Knaresboronglii 
York, Pontefract, Doncaeter, Gainsborough, Newa^ 
and Nottingham. 

4. In tho midland district, south of tho great Derbysiiite 
coal field, are Stafl'orJ, Burton-on-Trent, Detbyi 
Loughborough, Leicester, Lichfield, Penkridgo, 
Sliifihall, Wolverhampton, Bridgenortb, Stonrbridgo, 
Kidderminster, Birmingham, Coventry, Warwiclij 
Leamington, Droitwich, and Worcester. 

In the west of England are Bristol, Wells, Bridgewator, 
Taunton, Esetor, and Tcignmonth. 

Although the capacity of the now red sandstone for 
Rbaorbiiig wator has been much insisted on of late years, it 
ja remarknhie how few of the towns situate on this formation 
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are supplied from doep wella. The long and aevere piu-Ua-^ 
mentary cocteets with reference to the water-works of Liveiv 
pool, Manchester, and Birmbgham we well known to moat 
Of the pnhlie. In all these cases the resnlt has been that 
deep and expensive wells have been abandoned, and tbi 
corporation having obtained posaesaion of ! 
pumping establishraenta, is now, under the highest engiaeeisT 
ing advicQ, laying out very large soma in constructing storage 
reservoirH to collect the water from a drainage area, instead 
of pumping it from the sandstone. 

The following particulars, as to the supply of a number 
of the principal new red sandstone towns, wili serve to show 
tLe means at present coBimonly resorted to for largo pubiio 
supphes of water in new red sandstone disfricta. 

Birkenhead. — Supplied from two wells, which are each 
ubout 95 feet in depth, with a boring of 300 feet in tho 
bottom, thus making a total depth of 39S feet. 

Each well, or shaft, ia 9 feet in diameter, auniE in tho red 
sandstone rock without lining or steining of any kind, 
^'he boring commences with a diameter of 26 inches, and 
diminishes gradually to 7 inches, which is the size of tho 
last 110 feet. Wlien not acted on by pumping, the water 
stands at 93 feet from the surface ; and when reduced by 
pumping to the level of 134 feet below the surface, the well 
J'ields 2,000,000 gallons per day of 24 hours, (Latham.) 

Birmingham. — Originally supplied from the river Tame. 
In 1855 tho supply was increased by tho addition of a largo 
drainage area in the neighbourhood. In 18C6 the Company 
was authorised to erect new works, and sink shafts into 
the new red sandstone, in order to meet tho deficiency from 
Uie Biver Tame. The Company is bound to reduce annually 
iha supply from this river until 1872, when the pumping 
from the Tame is to ceaae altogether. 

The Birmingham Company was incorporated in 1626 fg| 
Uie purpose of supplying water to the town from the ri 
■Tame, their capital being £120,000. In 1854 tlic^ Go.TOe io" 
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Pailiament, and increased their capital to £240, 000, with 
borrowing power of £80,000. In 1855 the Compasy ng] 
came to Parliament, and their share cnpital was fixed 
£420,000, with borrowing powers not exceeding altogetli 
fl05,000.« 

In the previons Acts the Company was eonfinod to 
their anpply from the river Tame ; but the Act of 1^ 
authorised several new Eonrces, viz., the Hawthorn Bro^ 
Ferry Stream, Upper and Lower Wittoo Poo!b, and the rii 
Blythe. 

The two first of these are email streams fiowing into t 
Tame, the former at the village of Hampstead, and t 
latter at Perry, about 3i milos north of Birmingham. 

The river Blythe flows through the gypseons part of t 
new red BandBtooe forniatiaD. Its general course is Dfil 
and south, at a distance of about 8^ miles i 
bam. It flows hy Ooleahill, where it joins the EiverCd 
and the united stream fulls into the Tame at Oaston Graa( 
about 2 miles oast of Water Orton. 

In his evidence on the Bill of 1865 Mr, HawkesleyJ 
Ecribes the very minute examination of all the sauretRi 
Enpply which the neighbourhood affords. The streams of I 
Blythe, the Roa, the Cole, and the Arrow were all eii 
and rejected ns unfit for use, because they w 
polluted, and the Blythe on aecount of its hardnesB 
quantity of sulphate of lime which it contained, 
attributable to its flow throuch the gypseous marla SbI 
of the new red eanda'^"-''. 

After most careful examination he recommeni 
water in the streama of Sutton Park, and that to ba 
from deep wells reaching the Bandy part of the foi 
Aston, Edgehaston, Witton, and Sutton Coldfield. 

It appears that in 1865 the Company had alrei 
meuced einking at Witton, which is on a small 

• EFidBncoonBinnmE'Wm.'^BiBv'?,^ Vft 
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into the Tamo at Aston, and although they fniled 1 

1 power in 1866 to execute tho other works recoaj 
jded by Mr. Hawkesley, yet ia the following year, 166f 
ij BQccecded in passing their Bill. 

' e Act of 1865 authorised the Company to divert nntl 
rDpriate both the etreama flowing from Sutton Park, 
T ■with the water of certain pools fonned by em' 
se Btreams. They were also authorised to sink a 
Urive adits in the neighboarhood of Satton Cold6cId. 
wy persons interested in Bracobridge Fool, and otbei 
IB of water on these streams, objected to the abstraction 
le water. Braoebridge Pool is situate near the source 
le northern branch of East Brook, about 2 miles Eorih-_ 
, of Button Coldfieia. 

e inhabitants of Sutton Coldfield also petitioned a 
Bill, on the ground that the operations of the Conipai 
Id drain the wells in Sutton ColdGeld and the springs 

nPark. 
!he referees, bowever, reported in favour of the under- 
Bg, that there was a probability of good water bein 
nned both &om tbe upper argillaceous beds of the n 
.sandstone, and also from the lower or Permian 1 
I 2,000,000 gallons a day ivould probably bo obtained 
I tho etreams flowing from Button Park, and an equal 

ni from the shaft and udifc proposed to be mad 

D Coldfield. 
, w&s also proved before the referees that the j 
jiy (lfl6S) for the town of Birmingham is in tl 

a 7,000,000 gallons a day, an amonnt barely sn. 

la then population of about SSO,O0Q. 
il 4,000,000 of this quantity is derived from tho Tamdl 
ih ifl becoming more impure every day, and must \ 
1 abandoned. Hence the necessity for a further i 
tt SDppIy, especially 'with reference to now distridi 
% outside the present limits of supply, 
vtr Forge Fool and Wuidlcy Pool, wkicb \ 
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in 1SG5, are nboat a mi]e soutli-west of Sutton Call 
aboat 6} miloa north-east of Birmingham, and 
on a strefttn euUed East Brook, whicli rises i 
grounds of Sutton Park, about 2 miles west of Bnt 
Goldfield, and was tho line of the old Icknield Street 
Thornbill. The East Brook flows south and east by Battoi 
Goldfield, where it is joined by another small stream wbid 
rises more to the north from the same elevated rit 
which the Icknield Street is carried. The united streut 
tlien flows by Holland House, New Hall Mill ; 
Will, crosses tho Birmingham and Fazeley Canal at Plmlt 
Brook Forgo, and falU into the Tome at Berwood Hall, i 
Castle Bromwich. 

Under tho powers of Ihuir Act of 1806, the Company 1 
formed a new reservoir at Aston, about 2^ miles nortb- 
of Birmiogbam, adjoining and communicating witb that 
old works on the river Tame. They have purchased about 
fifty acres of land at Plants Brook, near Minwortb, about 
6^ miles north-eaBt of Birmingham, on the Birmingham KiA 
Fazoley Canal, and completed a large reseiToir whioh m- 
pounds the water brought down from Sutton Park by tbi 
East Brook, which has been already mentioned. The suppl; 
of water from this source is said to be large and abondut 
Tho Company are also sinking for water in the new raft 
Bandatono near Perry, which is a village on the Tame, ahwi 
8 miles north of Birmingham. This sinking promises to 
yield a satisfactory supply. 

The Company are also sinking at Kings's Vale, on the sonft 
side of Barr Common, about 2i miles Bouth-west of Sutton. 
Coldfiold, and about 5 milos a little east of north from 
Birmingham, This sinking, however, does not realise the 
espeotationa of the Company. The sinking at Witton, whieh 
Boems to have been in progress in 1865, is still incomplel* 
but the directors, in their report of September, 1869, s^ 
to entertain hopes of a considerable supply from thil 
aiah'ng. 
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I^The preamble in the Act of 1865 recites that the Company ^^ 



las raised a shore capital of £120,000, in addition to borrow- 
Qg £60,000 ; and by the same Act they were anthoriaed to 
aiae an additional share capital of £886,000, and to borrow 
3x additional £8^,000. When this capital is ail raised, it 
rill amount, including borrowed money, to no leas than 
i9OO,000, for which, on a moderate calculation a supply of 
.2,000,000 gallons a day should be given. It remains to be 
leen whether this result will he attained. 

There is an important provision in the Act of 1866, which 
units the quantity to be talien &om the river Tame af 
Tanuary, 1869, to 3,000,000 gallons a-day; after January, 
L870, to 2,000,000 gallons; and after January, 1871, 
L,000,000 gallons a-day, and declares that after January, 
L872, the Company shall cease to supply any water from 
Tame for domestic purposes. 

This is qualified by providing that, in certain emergenoieB, 
Bnch as frost, drought, &o., or in case of tte river Tamo 
water becoming pure and fit for domestic pui'posos, that then 
it may be used under certificate from the Board of Trade, 

Mr. Hassard, C.E., has lately prepared a scheme for 
eapplying Birmingham from the Radnorshire hills, 

of S2 miles from Bfrmingham. He proposes an immediate 

supply equal to 22,500,000 gallons a day to he taken firomC' 

the river Teme about 6 miles above Enighton. 
The collecting ground has an area of 36 square miles, 

23,000 acres, and eonsista of mountain pasture on the clay 

slate formation. . 
Mr. EasBord estimates the cost of his schemo, ineludi 

oojopensation, at £1,600,000, or about i71,000 per millioi 

{jalloas of daily supply. 
£riil;inwrth. — Water formerly pumped from a well in the 

now red sandstone ; but the supply was insufficient, and the 

town was often without water for days together. Within 
iht last eight years a 2G-horse engine has been omployed to 
^bp the water from the river Se\'ern. TKeiib i^ e.\%>i % 
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dnplieate en^ne, of 18-horse power. The pnmping liil 'm 
oboul 270 feet. The conBomption ia about 210,000 gnUoas 
n day, and the supply has never beea known to fml emfifl 
the water has been taken from the river Severn. 

BrUtol. — Supplied by gravitation from the Mendip Hills. 

Cardiff. — Supplied partly from the river Ely, and partly 
from storage reservoirs. 

The Cardiff Waterworks Company obtained their first Act 
of Incorporation in 1850, and their powera were farther 
oxteiidod under Acts of 1863 and 16C0. The works were 
dcsi(;iied and canied out by the lata James Simpson, Esq., 
who continued to be the consulting engineer to tho Conipany 
to the date of his decease. Tho district originally comprised 
tho town and port of Cardiff, and the parishes adjoining, and , 
tho supply was derived from the river Ely, at a point about 
three miles from the town. A pumping engine of 20-horH 
power was erected at this spot in 1651, and the water wu 
delivered iuto aaervico roaervoir (called the Penhill Beserveii) 
two miles and a half from the engine, and at about the same 
distance from the town, the reservoir having an elevation 
of about 60 feet above tho general level of the district, 
with a capacity of 2,000,000 gallons. A second engine of 
2S-horse power was erected in I8S5 near the first, and in 
1BB9 a second Bervioe reservoir was eonstrncted (called tb« 
Cogau Beserveir) of similar capacity and elevation to that 
at Penhill, bat at a different part of the district. 

The rapid increase in the town and population of Cardiff 
soon rendered a further extension of the works necessary, 
and the Act of 1860 was obtained, under which tho district 
was enlarged by the addition of several parishes, and the 
authorized capital of the Company increased (from i£16,000 
in 1850, and dE45,00O in 1853) to fl45,00O, esclusive of 
borrowing powers. Under this Act a third service leservoii 
was constructed (called the Landough Reservoir), having U 
elevation of 180 feet above the Cog.tn Eoservoir, for tho 
supply ofPcniuth, a somewhat elevated ijiortioii of the naw 
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trict, and an engine of IS-horee power wae erected at 
jogan Eeservoir, for the parpose of pumping water thei 
Tom into tlie new reservoir at Landough. 

In 1862-3-i-5 the wojka were further extended 
idditioaal supply ohtained from the drainage area to the 
north of Cai'difl', and lying between tho town and the 
iouthem ridge of the Welsh coal basin. The formation 
generally of this portion of the district is of the old red 
landstone series, covered in places with a considerable depth 
if diluvial soil. A storage reservoir has been made here 
called tho Lisvane Reservoir), 1864-6, of a capacity 
'0,000,000 gallons, together with filter-beds and ot 
rorks, and a direct supply by gravitation aflbrded therefroi 
the town, and tho Pen hill and Cogan service 
Yom this source the present supply is obtained during ihtA 
[teater part of the year. 

The river Ely ia pumped &oia during n portion of tlis 
, and its resources are also available for fiitoTS 
^sions, or in ^e event of unusual drought or othi 

fcrgency. 

jEhe supply is on the " constant " system ; and it is gratis 
g to the Company that, whilst in many towns it has been' 
ouDd necessary to shorten the hoars of supply during some 
lart of the dry summers lately experienced, Cardiff has been 
iSbrded a constant and ample supply in the fullest sense of 
he word, and without an hour's exception. 

The amount of capital expended by the Company 
he present time is iE108,0OO, which, of course, includes lani 
.nd all incidental expenses — the cost of works, with mainftj 
.nd services, Ac, being about £65,000. Out of this sum, 
he Penarth Works (engine and house, Landough BeservoirJ 
nd mains for Penarth) cost £7,000, and the Lisvane works 
toclnding store reservoir, aq^ueduct, and intercepting tanks, 
Iter beds, cottage, &c., four miles of IS-inch main into 
diff) £26,000, exclusive of land, law and engineering, 

I compensation. 
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The service reaerroirB contain 5,000,000 gallons, 'Bs.' 
ftvenge daily aapply to Cardiff (including the doclu as 
Bhipping) ifl 1,300.000 gallons, of wliich about 21,00 
giillons aro pmiiped into the Landoagh Roservoir for tl: 
RQpply to Penarth. 

Tbo engines employed for the Cardiff supply consist of oi 
SO-horse high pressure condensing beam engine, one SI 
horse high preBBore n on -condensing beam engine ; M 
lift of pamps (exclnsive of friction through nmina), 80 fee 
quantity, 2,000,000 gallocB in twenty-four hours (to 
ongiuos). Penarth Bupply (second lift) one 15-horse hif 
preBBure direct acting engine ; total lift of pomp, 190 fas 
qaantity, 8i0,000 gaUona in twenty- four hours. (Iiifonnati( 
ftiraished by Mr. Henry Gooch, the resident engineer.) 

CarlUle. — ^Suppiied with about a million gallons a fli; 
pomped from the river Eden. 

Clwuter. — "Water supplied by pumping from the river De 
into an open subsiding resen-oir. Formerly it was n 
filtered, and its quality was much complijined of. It is no 
well filtered, and then stored in a covered reservoir u 
pumped up to a high level eervice tank, from which the «i 
is supplied by gravitation with about 900,000 gallons a d» 
The supply both in quantity and quality now gives vffl 
general satisfaction. An unsuccessful attempt was ihbi 
many years ago to procure wnter from the red sandstone I 
tunnelling imder the river Dee. 

Covmlrij. — Supplied partly from springs, and partly fro 
artesian weUs eunl: into the rod marl and new red sandstoi 
rock. The principal artesian well is 320 feet deep, dj 
has an iron pipe 18 inches diameter for the first SO fee 
then a 15-inch pipe for 130 feet; a 12-inch pipe for I 
feet ; an open 12-inch bore-hole, without pipe, for 73 fee 
then a 6 inch bore-hole without pipe for 67 feet: toti 
820 feet. 

I A second artesian well is 250 feet deep, and the b 
ethers are eneh 15 feet deep. The supply in constoinj^l 
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nter is paniped to a service reservoir 100 feet above tliP 
X, knd oser a stand-pipe iO feet liigli, so that the wuter 
^ered at a height of 140 feet ahove the town. Tlia 
KJly of the service reBervoirs ia about 3,000,000 gallons, 
the daily supply about 700,000 gallons in the Bnmmcr. 
qaanlity annually pumped, about 250,000,000 gallons. 
I engines are employed, one of which is a 60-horse 

ble eylicder beam engine, working a solid plni 
ing IJS gallons at each stroke. The other is a 40-hon 
engine. The cost of coal used about J 
The whole cost of the works, which were ereoMJ 

tSi&, has been about £83,000. 
tartini/ion. — Water pumped from the f 

r is a mile distant Irom the town, to which t 
or descends by gravitation, with a pressure in the totri 
jFing from JO to 100 feet. Supply abundant, but \\ 
tetimes discoloured. The engine is of SO-horse power, 

I lifts 500 gallons per minute 100 feet high. 

Dtrby, — Sopphed by water -whieh is partly collected in 
oanding reservoirs, and partly pumped from the Der- 
t The service reservoir is at a height of 140 feat 
ire the town, and containB 1,158,000 gallons. The 
QUIidiitg reservoir has an area of eleven acres and an 
■age depth of 80 feet (? extreme depth). Works oom- 
li in 1851 ; since which time the supply has been 
[iialo. Cost of works, £50,000. Daily supply 953,000 

)II8. 

'xeUr. — Supplied by water pumped from the river Exe, 
ynes, about three mileH aboTe Exeter. The works were 
Tit«d in ftccnrdiince with on Act passed in 1833, and now 
ily about 900,000 gallons por day. Water power is used 
)amping, but steam, as an ausiliary power, was added in 
). The supply ia intermittent, and is given to each 
iet during about six hours each day, and on six days 
pet;, Tbiirs'iny being excepted on account of repairs, and 
taailjr hi Buuiwer time, when the water is Te<\wc(;& ^^H 
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vashicg gnlters and flnsLing Eewere. The total itaiy con- 
Bumption for all piirpoaea is 23 to 25 gallons per head. 

Tho Company are now making arrangemeota for taking 
the water from a point higher np the river Exo, namely, 
ftbove tho junction of the river Culm. 

Lancmler. — An abnndant supply of very boR -water, ob- 
tained by gravitation, from a height of 1,148 feet above tbe 
town, and stored in four equilibriom lesetvoirB at vadoDg 
heights. 

Leaminffttyn. — The supply is pumped from the river Avon 
into two summit reservoirs, 120 feet above the town. Tte 
works were executed in 1857, and the supply has been 
constant since 1867. The capacity of the two reservoirs is 
about 1,000,000 gallons, and the daily supply to the town 
about 350,000 gallons. Two SS-horse power engines are 
employed, and these are capable of pumping 500,000 gallons 
a day to a height of 145 feet. 

The engines are also employed in driving a com mill when 
not required for pumping. About two cwt. of coal are used 
per hour. (Information received from Mr. T. D. Baxty, 
Engineer for the borough of Leamington.) The worte 
belong to the Local Board. 

Lekt^Uer, — Supplied by gravitation with water eolleeteJ 
on the high lands bordering Cbamwood Forest. 

hiverpaol. — Supply partly obtained from wells sunk in 
the new red sandstone, and partly from largo imponntog 
reservoira at Eivington, distant about thirty miles from 
Liverpool. The average quantity supplied per day ia noV| 



Population within area ot supply aboM^ 620,000, so that the 
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Ij for all purposeB, tradiBg aod domestic, amounts ta I 
fbverage of nearly 27 gallone por head per diem, 

sum expended on the works for water supply np to J 
le amoanta to obont £2,000,000. 
le dnunage ground for collecting water has an area c 
i( 9,000 acres, and the storage capacity 400,000,000 feet I 
;etlier. Mr. Hawkcsley'B estimate for the enpply of ) 
Jverpool waa 16,000,000 gallons a day ; but the enpply of 
itc years has fidlen to lO.OOO.OOO and even 8,000,000 
klloQB a day. 

IXaeclesJiehl is situate on the edge of the Cheshire new red J 
IflBtoue, where this formation overlies thocoalmeasares. The I 
^1 ia supplied from a drainage area of 2,000 acres, situata J 
wt of the town, and on the cool formation. The water iS'l 
onveyed by covered channels to a reservoir capable of hold* I 
ig forty days' supply. The rainfall Is about 40 incheB, ' 
about 63 per cent, is collected, oi '526 inches pet ineh | 

>fa]l. 
lemehester, although situate on the new red b 
ilied from an extensive drainage area of millstone grit. 
It was formerly supplied by deep wells, one of which yielded 
more than a million gallons a day. The sapply is now 
ibined by gravitation from largo impounding r 
inillatone grit district of Longdendaie. 
Ucording to Mr. Baldwin Latham, the drainage area of 1 
Manchester water supply is about 18,900 acres, whiofa I 
oaUes a supply of 12,000,000 gallons a day to a popula- 
1 of 650,000 souls, in addition to 65 cubic feet of water | 
second for twelve hours daily as compensation 
lers. Thus the total quantity of water collected is upwards 1 
26,000,000 gallons daily, although the actual supply to 1 

id to be only 12,000.000. 
Ilr. Bateman,* however, who constructed the Manchester 1 
states the supply to Manchester at 25,000,000 gallons I 

• Piimphlet on Metropolis Water Bupp\y, \f&h. 
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B day, and quoies the cost of the works at £1,500,Q^^^| 
i;GO,000 for each milliDH gallons of daily snpply. ^^M 

Mr. Batemon aleo stated is his evidence before tha ^^^| 
Bupply CommisBiou of ]S67 that the gross daily san^^H 
"Mnnchester was 21 or 22 gallons per head for 60|^^H 
persons ; and of this quantity abont one-third was nso^^H 
trade pnrpoees, leaving 14 or 15 gallons per head for Aa^^U 

Mr. Baieman further states, in the same evidence, fl^^H 
inches of rain have been actually collected, and msa^^H 
out of a total rain-fall of iB^. This proportion amoni^^H 
-72 inches, or nearly three -fourths, for each inch of>^^H 
ftiU. The whole deficiency or loss is stated at 16 to 9 i>i^^| 
which would give respectively a depth collected froiii>^^H 
inch of rain-foU ^ -651 inches and -SOO inches. Takin^H 
rain-fall on the Manchester ga,tliering grounds to he &J i4^H 
the annnal quantity of water which falls would be O^^^^H 
09,980,000 tons. ^^1 

Mr. Bateman's quantity of 25,000,000 gallons a ^7|^| 
bably inclndea the supply to millers as well as that for ^^H 
Chester itself. The total supply of 25,000,000 gallons i^H 
would amount to nearly 41,000,000 tons a year, Bhowi^^l 
loss of about 42 per cent, out of the whole 87 inche%^^| 
leaving only 68 per cent, available for collection. ^H 

Middhmch. — Supplied by gravitation from high groitf|^H 
the neighbourhood. Supply never known to fail. ^H 

Nanliciek. — Supplied by gravitation from a Bouree finn 
miles distant. I 

Newark. — The water is pamped from the river Trent till 
B point two miles distant from the town, after going throngli I 
B process of natural filtration. The water is pumped into 1 I 
covered reservoir 100 feet above the highest part of lliB I 
town. The dally snpply is about 150,000 gallons, and ttu I 
covered reservoir contains about 1^ days' consumption. \ 

NorlhiiUerlon. — Supplied from siiailow wells in the dnCU 
geliiom more than 12 feet &e«p. ^^H 
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WlTottingJiam. — This town has been sappUed for many years 
•tly from the river Trent and partly from wells sunk ijito 

ixe new red sandstone. 

t The originalTrentWnter'Works Company were incorporated 

1 1827. In the following year the Nottingham Old Water 
Mrks Company were incorporated, and for Bome years 
lerwards obtained a supply of water from epringa and 
reams in the parish of Baeford. These two Companies 
jventnally amalgamated, and a new Company in- 
rporated in the year 1815. 

f The Trent Water Works were began in 1880, and brought 

operation in the following year. They consisted of the 
tent pumping slation with a filtering reservoir on the 

iks of the river, and a service reservoir called the Park 
3 Ileservoir, on high gronnd near the park. This is just 
ider the Park pumping station. In 1884 the water of tbo 
3 eo bad that the pipe had to be removed from 
, and the water was allowed to filter into the 
eervoir through a natural bed of gravel. Mr. Hawkesloy 
I evidence of 1869 that even this naturally filtered 
1 gradnally getting worse, and was now found to 
|e contaminated with brine springs from the coal strata, to 
1 estent that about a ton of salt was daily pniuped 
ilta the town. 

\ The supply obtained from the stream of the Lene bad also 

le much contaminated with sewage, and even the springs 

eaking out from the rod sandstone clifia at Bcottholme and 

were found to be unsatisfactory. Under these 

lircnmstances the Company were advised that a purer supply 

nold probably be obtained by sinking a well into the new 

1 sandstone, and accordingly in 1845-6 they sank a shai't 
I their own premises, and close to the river Treut. 

i shaft produced an abundance of water, but had not 

Jen sunk more than 80 feet before it was discovered that 

J quality wa3 bad, and this water waa aocordmgly never 

tappUed to the town. .^ 
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The neit proceeding wfia to sink a well at Sioa Hill, about 
half a mile &odi the market place of Nottingham. Tho rd 
aandgtono formation at SioB llill is overlaid by marl whicb 
contains a large qnaatity of gypsam. Thi3 water cootaiiiod 
» largo proportion of mineral m&tter, and was found to be 
nearly 21 degrees of hardness by Dr. Clarke's scale. "SHH 
water obtained from the Trent is still worse in quality, being 
of about the same hardness, and containing per gallon tteai^ 
50 griuns of solid matter, of whiuh mofo than 20 graial 
ia common salt. 

Since 1854 the Company obtained from the Duke ti 
Newcastle power to sink in Basford pariah, and have tbem 
succeeded in obtaining about 2,000,000 gallons a day of 
very good water. This is pumped np by two steam engine^ 
having an aggregate power of 120 horses. 

A still more recent attempt to obtain water by sinking liM 
been made a little north of Bcstwood Park. Tho siukiflg 
passed through tho now red sandstone, then tliron^h 33 
feet of the Permian formation, and then reached the coal 
measures, at a depth of about 200 feet, beyond which ■ 
boring was put down. Less than half a million gallona 
a day were procured from these operations ; but the water, 
nnfortunately, was as salt as soa-watcr, and therefore the 
experiment was discontinued. 

Notwithstanding aU these numerous sources, Mr. Hawkea- 
ley states that in the dry summer of 186B the Company hti 
nearly osLhaustod all their powers of supplying water, and 
had very little to fall back upon. In 1869 Mr, Hawkosley 
calculated the whole daily supply as follows :■ — 

Tho Trent Worlta supply .... 
„ Scottholma Works (apringa) 

„ Prtrk well, about 

„ Boafurd wall ....... 



Ti was calcalateA also that by deeper sinking and more 
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wer at the Basford well, an additional qpianiify of 
gallonB a day might be obtained, thus making • 
,400,000 gallons for a popnlation of about 140,000 
Mr. Hawkesley thinks, however, the Trent water 
greatly disused, and this would take away 600,000 
He also proposes to discontmne the supply from 
le springs, amounting to another 400,000 gallons* 
ettes that in 1881 the Company will have to supply 
on of more than 200,000, and in 1901 a population 

persons. 

U these harassing failures endured by the Company, 
urprising to find them applying for largely increased 
itary powers in 1869. The following were the 
provisions contemplated in this Bill of 1869 : — 
bake the water of the Dover Beck, which rises near 

1 the county of Nottingham, and of Grimes Moor 
ke, which rises near Calverton, in the same county, 
erect a pumping station between these brooks, at a 
3f seven miles from the centre of Nottingham, and 
the water a distance of three miles and a half to a 
about 270 feet in height above the pumping station, 
construct a new reservoir three miles and a half 
tro of town, and convey the water by means of 
►. the town of Nottingham, 

supply a number of parishes and places adjacent to 
of Nottingham. 

increase the capital by a sum of £150,000, which is 
Ltled to a dividend of 7 per cent, 
borrow, in addition to their present borrowing 
i further sum of £37,500. 

it new shares are to bo disposed of, not by auction, 
reeled or authorised by the Company, 
orporation of Nottingham petitioned against this Bill 
•ounds — 

it the Company are monopolists, and at present 
B RUered supply from the river Tronl, «iao itwx 
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Qgs and wells in the pariflli of Eaaford, and from wella in 
liopewalk- street, Nottingham, and can obtain farther suppliefl 
from the sandstone rock of Nottingham and its immediato J 
leighbonrhood. 

2. That the nndergronnd apricga of the Bondstone rock 
ftiTord the purest and cheapest supply. 

. That the river Trent, on account of its great volttmB, 
rapid flow, and small population above Nottingham, is eafolj 
kept fi'ee &om pollution, and that its purity will be muuh 
iinprovod hy impending legiBlation prohibiting the pollutioa 
of rivers. 

4. That the Dover Beck and Little Dyke (from which ibe 
lew supply is to be taken) have together not more than oni 
four-hundredth part of the average volume of the Trent. 

. That Dover Beck and liittle Byke receive the drainagS' 
of 10,000 acres of cultivated land, and are liable to be mneh 
polluted by the manures employed. 

6. That the outlying places proposed to bo supplied 
>ain 40,000 acres, and mostly contain a thin and BGattore4| 
population, and do cot present a remunerative field 
water supply. 

. That the supply of the new district would 
cause a loss which 'would prevent reduction of price 



8. That the deposited estimate for the new scbc 
il76,000, and would involve heavy compensation to i 
milla below the proposed pumping station. 

9. That the reduction of price contemplated by the Act <i 
18-16 will bo prevented or indefinitely deferred. 

10. That the Company should he bound to raise an 
their already authoriaed capital before creating any new 

11. That the Co.npany have a large amount of n 
capital, »nd that the new capital proposed is escessivi 

12. That by the Act of 1854 the dividend on share c 
is limited to 5 per cent., and shares nre to be sold byai 
the premium aot Iwing entitled to dividend. 
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1. That the presest ebaroa bearing a dividend of 5 pef 
. are at a, premiam. of 20 per oent., so that the proposed 
.end of 7 per cent, would correspond with a promium of 
per cent., and aa there is no auction clause, tliia premium 
Id be pocketed by the Bbai'aboldora, and would entail jfl 
'ge on the consumers of about £100,000 on the new capit^H 
150,000. ^ 

i. That as water {unlike ifas") is incapable of being Eupoi- 
id, there is no reason why new capital should boar higher 

than 5 per cent., nor why new shaiea should not ba sold 
kiiction. 

6. The Corporation are williug to purehnae the nndortak- 
of the Company, or to eBtablish other waterworks for 

BUpply of the town, pursuant to the Pablic Health s 
si Govermneut Acta. 

6. That the Bill should require the Company to sappl;^ 
neter. 

%6 above were the principal allegations made against the 
, aod the result shows the opposition was successiiil, 
the Committee, after a very patient inquiry, declaretia 
jfftainble of the Bill not proved. 
"teirilA. — Water pumped np from the river Bamont I 

separate reservoirs, one of which ia 130 feet above the " 
r, and commands the greater portion of the town. The 
ITMervico reservoir is 370 feet above the river, and com- 
ia the higher portion. Water pumped by a whoel 
by the river, supplemented by a steam engine of 
tone power, which is employed in times of low water 
.«hen the river ia flooded. Daily supply about 800,000 



on. — Supphed by gravitfttion fiom a millstone grit 
in the neighbourhood. Water collected in a series 
voirs, afterwards filtered, and then stored in covered 
lr«. The drainage area on Locgridge Fells has a 
nf about 3,000 acres. The supply is equal to 150 
cuuaumption, and is conveyed to tho reservoirs par 
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in (ipcQ channels ani partljr in stone culverts. Tlui mesi 
tuhifall JB said to be iS inches per annum, and a1>out SSpffl 
cent. 18 coUected In the reservoirs. 

litiffhy is situato on tho lias formation, which hero reattOB 
the new nid sandstone. Attempts have been made to [fn 
enro vrnter by wells sank through the lias into the new id ' 

.dstono. The attempts to procure water for dome 
conaomplion, however, have been aneaccessful, as the n 
lias been fuuud highly impregnated with common 

Btockton-on-Teai. — Bnpplied by water pnniped from H 
river Tees. 

t. Hnisn't, Lane. — There are two wells sank u ^t^ 
sandstone hero. Each well is 210 feet deep, beyond vn 
there is a boring in the bottom, and the two wells b< 
daily about 572.000 gallons. 

Sclbij, Yorkihire. — The enpply of this town is ( 
obtained from a eballow well, sauceoded by a boring of 
fuet in depth and 7 inches diameter. Supply abont 120 
gallons per day. 

Slottfbridffe, Woreeiteriikire, has a shallow well, about 9 
foot deep and C feet in diameter, which yields about 160,00 
gallons a day. 

SuTKlerUind. — ^The supply is from four deep woUs snub iil 
the neighbourhood. The first well was Bunk in 1846 »t| 
Humbledou, about a mile and a half west of 8underlMid.:| 
Tho second was sunk in 1652 at Fulwell, about a mile| 
and a half north of the town. The third was sunk in 1B69|' 
at Cleadoa, about four miles north of Sunderland, or nearly 
midway between Sunderland and South Shields. The foorlll 
well is just completed, and is sunk at Eyhope, about thrM 
miles and a half south of Sunderland. 

The shaft at Humbiodon Hill is sunk through magnesiai 
limestone {Permian or lower new red sandstone) to a depil 
of 228 feet, and two 8-inch bore-holes are made in the botton 
of tho shaft to a fui'thor depth of 100 feet, making the t 
dcpih S28 feet. ■ 



IB shaft at FolwoU is sank through clay (ml limcstono 

ferth of 222 feet. 

S shaft at Cleadon ia eunk principally through lime- 
a depth of 270 feet, and the shaft at Eyhope is 
k also throngh limestone to a, depth of 240 feet. The 
'.ex from aU these wellB is pnmped up to reservoirs, from 
ieh it gravitates to the town. The reservoirs at Humbledon 
land Fulwell each contain 1,000,000 gallons. The reaer- 
3 at Cleadon Hill contains 2,000,000 gallons. All thesa 
rvoirs are situate 220 feet above high-water mark, 
iieaervoir at Eyhope ia 230 feet above high-water mark, 

Mntains 4,000,000 gallons. The snpply ia constant, 

k always laid on to the houses with the fnll pressare 

the height of the reservoirs ; and the present daily 
ly to Sunderland and SoKtIi Shields is from 8.600,000 

M.OOO gallons, 
e following are particulars of the pnmping engines : — 
I Htunhledon, a low-piessme single condensing beam- 

1 of 120-hors9 power, capable of hfting 1,000,000 
twenty-four houra. At Fnlwell, two double- 

weted rotative engines, with 36-inch cylinders, and 7-feet 
roke. capable together of raismg 1,000,000 gallons in 
'onty-four Lours. At Cleadon, two single -powered es- 
nsive engines, with GO-inch cylinders, and 8-feet stroke, 
pnble of raising 8,000,000 gallons in twenty-four hours, 
jfchope, two rotative double -cylinder expansive engines, 
^Htrge cylinders 4S-inchea diameter, and 8-feet stroke ; 
^ni cylindera 27-inches diameter, and 5-fcet 4-iuchoa 

rke ijuantity of water pnmped last year, esclusive of 
I Ryhope supply, was 1,21)8,000,000 gallons. 

it of the works, including mains, branches, &c.,haa 
E268,120, and the present population supplied through- 
) entire district is about 200,000. The cost of coal 
3 for the Inst year was f 2,419. The oil, tallow, 
., cost £222, 



1 



I to BUrPLI or T0WK3 

Froia the reveune account of 1868 it appears the receipli 



Profit . . £16,il3 

on a paiit-np share capital of £179,500, equal to moi£ th 
D per cent. 

InfurmAtlDii farniahed bjr Ur. WiUiam Dixon, who bU 
that tho works have been carried oat from the deaigns a 
acdur tbo saporinteDdence of Thomas Hitwkesley, Eaq., C. 

Tranin«r«, Chciihire, has a well 9 feet diameter, and li 
feet deep. Snpply aboot luO.OOO gailoQS a day. 

WaUaiey, Citt*hire, according to Mr. Latbom, is enpplitj 
with 300,000 galloDB daily, from a veil sank and boied 23( 
foet into the new red Bandstone. 

Warwick, — Supplied with water taken from the KiverATOt 
at Emscote. Water filtered and pampod into the town. 
daily supply about- 810,000 gallons. Supply constant dniiiig 
tho day, namely, from a.m. till 9 f.u. A well was simk ha» 
about twelve years ago, bat abandoned at a depth of moit 
than 400 feet. Tho strata consisted chiefly of red mul' 
(nppor argillaceous and gypseous beds of the now red ssod- 
stone). Information from Mr. J. Fenna, Borough Surveyoii 

Wellington. — Supplied from the Wrekin Brook. 

Wills. — Supplied from wells and spiing^ in the doliital 
gravel on which the town is built. The water is probab^ 
derived from the catbouiferous limestone bbain of the Menfl^ 
Hills. 

Wolverhampton. — Formerly supplied in a very inadeonala 
manner, partly by a Water Company, and partly from private 
wells sunk in the drift gravel, on which the town stands 
The water of these woIIb was of very bad ciuality, contjuninj 
- a large i^uautity of organic matter, and from 11 to 24 grtun 
per gallon of snlphcte of lime. 
Ju 1915 an Act was obtained by a Company for snpplyin 
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IT from two TvoUa sunk ioto the new red sandstone, OdB'I 
tteae wells was sunk at Goldtliorne Hill, and the other 
Tettenhall, and their nnited yield in 1855 did not exceed 
B.OOO gallons, whereas the town then roqaired at least 
n gallons. In this year, 1855, a new Company, having 
chased the old works, erected a pumping eatabliahment 

e Biver Worf, at a point about ten miles distant from 

town ; and since that time there has been a ph 
ply of good water at constant pressure. The Worf 
jllected in an impouDiiing reservoir, 
n 1867 the Corporation of Wolverhampton purchased the 
}le of the Water Company's property, and now supply 
JverliamptoQ, as well aa the neighbouring towns of Bils- 
, Willenhall, and Wednesfield. The total supply given 
3 Wolverhampton Water Works amounts to cearlj 
60,000 gallons per day. The water is of good quality,' 
: is shown by analysis to rank high in parity amongst the 

■a from the new red saodstone. It is worthy of romai'k 
I while the district supplied by the Wolverhampton Water 
rks suffered very severely irom the early visitations of 
Sera, the town has been remarkably free from that epide- 
e the introduction of the present wnter supply. The 
Y supply is now about 1,250,000 gallons. 

ter. — New works were constructed in 1857, at » 
t of about £28,000. Two engines o^ 25-horse powMi 
were then erected by the Haigh Foundry Ci 
The water is lifted from the Severn into depositing 

I and flows thonoe into sand - filters, from which it 

I to the pure water tank, and thence is pumped into 
town against a head at reservoir of 100 feet. The 

r is of escelient quaUty, and the works have given 
iter satisfaction than any othor of the public improve- 

1 the city. The demand became so great tbaf| 
works were extended in 1667 by the addition of tw»l 
^cylinder engines of SO-horse power each (erected by' 
Worcester Engine-Works Company), and the uoneU-aa- 
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tiuij of largo depositing Uaks and filters of proporS 
dimonsioDS. The cost of this extension, inclading land, li 
»bout £U,000. 

The fonr engines, working at 18 strokes per i 
deliver about 100,000 gallons of filtered watM i 
The supply is constant, and the highest honseB in 
are supplied. Mr. Hawkesley, C.E., was the Enginea 
chief, and Mr. 8. 0. Pnrchas, C.E., is the Resident Engi| 
and nnder his snperintendence the whole of the workafl 
carried out. Mr. Parchas has since laid down a new a 
main of IS inches diameter from the pnmpisg station H 
reservoir on Rainbow Hill, a distance of aboat i 
tbo cost of the latter work is aboat £3,G00. 

York. — Supplied from tbo River Ouse. Waterfirstp 
into Bubsiding tanks ; afterwards filtered, and then p 
by two 40-horse power condensing engines into a 
reservoir. The supply is constant, and amounts to 1,3 
gallons daily. 

Considerable change of opinion has necessarily takenfl 
since the first edition of this book was published, i 
relative merit of wells and drainage areas for procuring laij 
supplies of water for important towns. The estimates mft^a 
by eugineors as to the proportion of rain-fall capable of bi " 
oollocted in large impounding reservoirs have I 
to bo much cxaggeratod, especially in years of considero,!))! 
drought, and although no general rule can bo laid down tSM 
applicable to every locality, it is probable that in fnturfll 
the siuking of deep wells must extensively be resorted (o J 
for the purpose of procuring water where the drainage ants q 
fleem inadeciaate to yield the necessary quantity, 

NEW BED SANDSTONE Or LrVEBPOOL. 

A great deal of information relative to the now red sand- I 
Btoae and Permian groups, has been elicited during the last 
few ye&ts, especially during the parliamentary ini^uiries ii 
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liiverpool and Manchester corporation voter 
i. The following are some particulars relative 
' red sandstone district of Liverpool, a subject whi 
3n exceedingly well illustrated in Mr. Stepht 
a report to tbo Town Council. 

ious to the year 1850, tho town bad been supplied 
everal water companioa, who obtained the water from 
md tbo corporation having purchased the works of 
B companies, bad theii- attention drawn about that timo 
aonrces of supply. Accordingly, we find in tho 
I of 1850 that Mr. Hawkesley was proposing hi3 ■ 
Dgton Pike Bcbeme, while Mr. Nowlanda, the borongl^ 
, backed by the authority of Mr. Simpson, wa^V 
mending further works of siniing and boring in the 
aandstone in the immediate vicinity of tho town. Under 
s oircuniBtances the Water Committee of tho Town Coun- 
alled for the advice and assisianee of Mr, Bobert Stepben- 
At a meeting held on the 14ih of January, 1850, the 
ssed the following resolutions. "That Mr. 
dtenson having been unanimously appointed the engi- 
for the purposes of the resolution of the Council of tbo 
of November, tbo desire of tbo Committee is that bo 
lid inform himself upon the Bubject in all its bearings 
evidence, reports, or otherwise, so as to ensure that 
s of all parties may be elicited before him to their 
rfaction, and report his opinion to the Committee 

Ist. Whether a supply sufficient as regards quantity and 
lity for the present and prospective wants of tho town 
neighbourhood, including domestic, trading, and manu- 
and shipping ; and for public purposes — 
watering and cleansing streets, flushing sewers, es- 
ishing fires, and sapplying public baths and wash- 
ss — can be obtained by additional borings, or tunnels, 
itherwiee, at the present stations — viz., those purebased 
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rrom ttie companies respectively, and from the Green Lai 
Works, now vested in the corpoiation ; and the cost j 
obtaining ench soffieient supply. 

" 2adly. Whether a enfficient addition to the pres^ 
Enpply can be obtained in the locality or neighbonrhoodi 
Liverpool, as recommended by Messrs. Simpson and NflW 
Jnnda, or by borings or by aoy other coarse ; and the cost f 
obtaining and dietribnttng the same ? 

" 8rdly. Whether such supply can be obtained by mnil 
of the Bivington Works ; and the cost of obtaining and dil 
tribnting the same, as recommended by Mr. Kankesleyf r. 

" 4thly. Under all the present circumstances of the casts 
what cotiise is recommended to be pnrsned ? 

" WiLU&u Shottlbwobth, Town Clerk.' j 

In parsnance of these resolutions, Mr. Stephenson hddl 
court at Liverpool, received a large body of evidence, e«tMt| 
numerons experiments to be mode, and on the28thof Minll 
1650, furnished a very elaborate report to the Town Conn 
ciJ, from which the following information has been et 
traded : — 



On Ihe FermeahUily of the Red Sanihtom in the Neighbom 
hood of Liverpool. 
The evidence adduced before Mr. Stephenson on this ant 
ject was very conflicting, The geological evidence hi 
chiefly reference to the faults and fissures with which tb 
new red sandstone is known to be intersected, some geok 
^sts contending' that these fissures are filled with clay, an 
that they completely cut up and divide the formation into 
Bories of boxes. Dr. Buckland is quoted as an authorit 
for this opinion. Others, again, are of opinion that tt 
fissures are not only sufficiently open to admit of the frt 
percolation of water through any particular bed, bat thi 
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? even act as cliaDnels to diffuse the wnter from one per*' 
Dcablc bed to another ; and thuB they contood the v,-hole 
Dass of the new red sandstone, wherever it consists of other 
ihan argillaceona heda, is freely permeable by water, Mr. 
Stephenson bimself appears to incline to this view, which, 
he saya, is supported by numeroiis instances ia which wells, 
at a considerable distance, wero affected by pumping at 

In dealing with this port of the subject, Mr. Stephenson 
3i.ikes a very shrewd comment on aome evidence which 
t-L-id been given by advocates for sinking wells, to the effect 
that certain wella were not affected by pumping from those 
in the neighbourhood, "If," says Mr, Stephenson, "the 
eandstono wero so impermeable as to prevent one well i 
Unencing another at a moderate distance, it would be excesd< 
ingly difficult, if not absolutely impossible, to obtain a 
large supply of water from any one well. As regards, i 
deed, the main Question of obtaining from the eandstone SD \ 
ailequate supply of water, it ia of tho utmost conseqi 
establish, indisputably, that the sandstone is estremely perJ 
Qienble." Mr. Stephenson here admirably exposes 
wHch ia far too common at the present day, that of over*' 
jroving one's ease-^that unhappy mistake of cunning peoplej 
ivbose ingenuity is bo extreme that it absolutely ovarreachea 
themselves. To return, however, to the subject of perma- 
ability, Mr. Stephenson sums up his conclusion in thosa^ 
Wurds — "that the rook may he looked upon a9 almost] 
iqiiatly permoable in every direction, and the whole 
r-RiirdeJ as a reservoir filled up to a certain level, to which, 
■hanever wella are sunk, water will always bo obtained, 
i.ijiG or less abundantly ;'and a very careful consideration 
'f [il! the facta that have come to my knowledge i 
Jiresent investigation, leads me to consider this view 
"ifflplest, and the only one capable of general application." 
It must be fully borne in mind, that this strong opiniM 
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ae to Ibe comiJete permeability of the now red san^stoMi 
Liveriiool, is eonfined to thia locality alone, and Am 
apply to tLe new rod B&ndstone generally. In tb»t ' 
a^y^regate tbickneaa of marls and sande, clays, conglo 
rates, and Bandstaiies, of which this fonuation ia compMl 
we may uatarally expect to find very opposite and var 
dogreoa of permeability in dificrent dietricts. In the dc 
boorbood of Liverpool, the strata appear to be highly 
Daceone with few interstratified beds or partings oC c 
auil it is remarkable that most of the cottings on the T^^ 
near Livorpool, as well as the exposed faces of roeki 
quarries, &c., are remarkably dry, presenting selilon 
appearance of moisture trickling down the face and bie^ 
out above the partings of clay or marl. This absence of M 
visible water, anomalons as it may eeem at first sightii 
one of the best indications of complete permeability. Iti 
almost invariably found oil over Englimd in chalk and m 
cliffs, and callings where, from the absence of clay ormi 
the water is allowed freely to porcolate. On the other hUK 
tborc ore many districts of row red sandstone is which 
Bidos of every excavation, both in quarries and in road, cam 
and railway cuttings are oonstautly trickling with meietD 
thrown out by the nnmorous clay partings, which are of 
so thin as to escape obBer^■ation, unless the attention 
du'ctted to them by this nnfiuling symptom of tho w( 
breaking oat. In such a new red sandstone district as I 
lasl. it is hopeless to expect water in abnndanee from ririt 
ing. We might as well expect to meet with water in 
thick mass of London or lias clay, in which the same appw 
anee of water is presented, wherever they are expoaud w 
outtmgs. The appearance is also due to the same oanffl' 
— namely, the altemntion of beds porous in difl'eruA' 
degrees, tho water percolating through the one being 
stopped and thrown out by tho other. All engineers kno* 
well the difficaltii's whioh are often mot with in eieoutisl 
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rcnks tlinmgh elays containing iniersiratified beds, which 
Jlow of partial penetration by water ; but although water 
■ often xnet with in sneh quantity as to be very troublesome, 
iflbeting the stability of slopes, &c., yet no one would think 
■C wnlriTig in any such strata to procure a copious supply of 
water. 

The following are some of the general conclusions which 
«eem to have been established with reference to the 
{henomena of water and springs in the trias and Permian 
gnmps: — 

1. That water abounds in the drifk gravel covering the 
new red sandstone and the Permian rocks, but this is 
only sufficient for private domestic supply on a small scale, 
tad cannot be depended on for the public supply of large 
towns* 

2. That the water in the superficial drift is usually very 
inpnre, containing sulphates of lime and magnesia in large 
quantities, and being frequently in towns much contaminated 
irith organic matter. 

i 8. The gypseous beds of marl and clay forming the upper 
: part of the trias group, are commonly destitute of water 
except in the thin sandy partings which intervene between 
the layers of marl. Therefore they cannot be depended on 
fer any large supply of water. For single isolated houses 
they commonly yield a sufficient quantity, but at very un- 
certain depths. In sections taken across the district between 
the Staffordshire and Shropshire coal-fields, the water was 
found standing in the wells at extremely different levels, 
which seemed to follow no law except that the level was 
generally higher in the neighbourhood of faults, so that 
the water levels appeared to dip in each direction from the 
faults. 

4. The whole of the new red sandstone is remarkably inter- 
sected by faults, which are sometimes pervious by the water, 
and sometimes oppose an impenetrable dam to its process. 
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Faults of emFLlI extent which are not filled np wiUi cliffj 
appe&r to oppose no obstacle to the passage o( water, 
faults in the Shiflhal and Wolverhantptoa district, bowewj 
iLppeared, &om actual ohservatioa and measoremetit, to ei 
n very decided influence on the height at which the f 
stood in wells. 

The brick red sandstone beds, and also the coDglomK^ 
or pehble bods of the trias group, contain mach moiswM 
than the marls, and appear to yield in the Liverpool ir^ 
very large quantities ot water, some wells prodaoing ttU 
than 2,600,000 gallons a day throaghout the year. 3 
corresponding beds at Wolverhampton, however, yield W^ 
little water, the Tettenhnll well prodacing only lSfi,0(| 
gallons a day. The point where this well is eunk is, bui 
ever, 450 feet above the sea, whereas the Liverpool if^ 
sxe snnk almost at the level of the sea. In addition to w 
the beds are much more sandy at Liverpool, although probiU 
having about the game geological horizon as the 1)6^1 
Woh'orhampton. The sandstone rock at Liverpool is nEul 
remarkably dry in excavations, qnarries, and railway ontMl 
. — BOO those on the Liverpool and Manchester ItBiiwDJ 
Edgehili, &c. On the contrary, the beds in whioi * 
Wolverhampton well is sunk are remarkably wet, andesM 
a great deal of moisture in all the partings and laminatial 
This is well seen in a road cutting at Tettenholl, yi^ 
exposes a good section of the beds stick through in the w 
The dryness of the Liverpool rock shows that the WS 
sinks freely into the sandstone, and afl'ords a very prol)> 
reason for expecting to find an abundant supply in vt 
The moisture in the 'Wolverhampton beds, on the ot 
hand, shows that the water penetrates with estreme dilfion 
and is thrown out by the alternations of marl and clay 
■which tho strata are composed. 

5, Where tho Permian roeks are fanltod against the ( 
measurea, as on the western side of the South Staffordai 
coal-Seld, and tbo eastern side o£ Ihii Coal Brook Dale fi 
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IB ^water will usually be eat off by the fanlt, and a well, 

ttweTer deep, will yield scarcely any water. Thus, the 

Mdihom well near Wolverhampton, which is sunk only 

boat 400 yards west of the great &iilt which throws down 

he Permian rocks to the level of the coal measures, and even 

b that of the Silurian rocks, produces only 200,000 gallons 

if water per day. 

"' 6* Where the lower arenaceous beds and conglomerates' 

If {he Permian groups, however, overlie and repose on the 

MmI measures, they will probably yield a very large supply of 

imter, as in the instance mentioned at Monkwearmouth by 

Vkofeasor Sedgwick and Mr. Bobert Stephenson. 
.11' 

FUBLIO WELLS OF LIVERPOOL. 

I .' The did works of Liverpool, from which the town was 
MBdmively supplied for many years before the Bivington 
FKke Works were contemplated, famish numerous examples 
rf procuring water by means of borings in the bottom of 
veils or lodges. 

For instance, the pumping-station at Bootle consists of an 
•xtensive lodgment about 45 feet in depth, the bottom of 
the lodgment being about the same level as high water of 
ipring tides in the Mersey. In the bottom of this well are 
lo less than sixteen bore-holes, some of which are 600 feet 
in depth, and these yield collectively rather more than a 
million gallons per day. From some experiments which 
Ifr. Stephenson made on these bore-holes, it appeared that 
when all were plugged up except one, the yield was 921,192 
gallons per day, and when the whole sixteen were opened 
the yield was only increased by 112,792 gallons, from which 
it would seem that a very unnecessary outlay of money 
must have been made in sinking so many bore-holes close 
together, since very nearly as much water was obtained from 
one as from the whole sixteen. When not acted on by 
pumping, the water stoDda in the Bootle lodg;nieii\i^^l«&^V»VQk 
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ilttpth above the bottom, knt wbon reduced by pnmpiag ihe 
gcuvrsl level is only aboat feet from the bottom. 

The Greun Lane well is 185 feet iu depth, the bottna 
being about OS feet below high water of spring tides in Ik 
Mersey, and 44 feet below the old douk sill. When doI 
acted on by pumping, the water etands 147 feet above 
bottom of tho well, but the general level during the pain|)in| 
is only abont 11 feet 7 inches above the bottom, y/Wo 
Mr. Stephenson reported in 1850, the jiold of this well vrit 
tfOl.llS gallons per day on the average. Since that time 
boring of 98 feet deep has been made in the bottom of tli 
well, and the average yield baa thereby been increased I 
2,418,008 gallons per day, or more than double the produi 
of tho well alone. 

The Windsor well is 210 feet deep, the bottom being SI 
feet below high water mark in the Mersey. The water n 
not acted on by pumping stande at a depth of 70 feet al 
tbe bottom, and the general lovel during the pumping is fivf 
feet; tho average yield of this well in 1850 was 678,6M 
gallons per day. A boring 214 feet deep haa since 
made in the bottom, which hoa increased the yield to 
1,020,423 gallons. 

It has been asserted with some degree of probability 
that the large increase at these two wells, and especiaDy 
at Oreen Lane, is due to the iniiltratioa of water £rom th« 
Mersey. 

The public wells of Liverpool, from which the town 
been supplied for many years, are seven in number. Titef 
are oil situate within the area of a circle of three miles radiiR 
from the centre of the town, the most distant lieing thf 
fiootle well, which is situate an iiie edge of sucb an imngiaiUT 
circle. The fo!lo^ving table contains the particulars of tin 
wells as to depth, diameter, &c. 
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+ Bign In these colnnma IndicatM tliat the tdght maited is abme high 
' sign iudicittea that the depth is belov high votei mark- 

Qtne of water yielded by the seven public wells of 

pool : — 

he time of Mr. Stepbonaon'a report in 1850 the maxi- 

yiold of all the Beveii wells amounted to 6,170,486 

8 per day of 24 hours, the minimum yield to 8,820,990 

8, and tho yield at the ordinary working level was 

,784 gallons per day, 

a being the yield of the wella at ttiB.1 limB, l&i. 
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8tcpbonson observes in his report, that the expectation of 
much augmenting this quantity, either by sinking, borings 
or tunnelling, cannot be entertained ; and that any increase 
obtained by deepening the wells would only be temporary, 
and will only take place to the same extent as the private 
supply of water is diminished. He is further of opinion 
that the deepening of the public wells will render it neces- 
sary to deepen also the private wells ; and then comes this 
most important observation, which has been before alluded 
to — '* and it cannot be doubted that a large proportion of 
any increase would be derived from the river Mersey, as all 
the wells are now sunk to or below the level of low water, 
and many yield brackish water." 



Tadle bhowino thb Comparatitb Yield op the Wells in 1850 

AND 1854. 







Daily 








YieM in 24 


Yield for 1854, 








hours taken 


taken from 








from the Dip 
Books for the 


Mr. Ihincan's 
evidence in the 


Increase. 


Decrease. 




latjt quarter of 


Wolverhamp- 








1&49. 


ton Water 

Works Bill, 

1855. 








Oiillons. 


Gallons. 


Gallons. 


Gallons. 


Bootlo , . . 


8o0,(>91 


881,008 


30,317 


• • 


liush .... 


180,875 


252,737 


71,862 


• • 


Soho .... 


497,869 


509,732 


11,863 


• • 


Ilotliam Street. 


216,381 


229,201 


12,820 


• • 


Water Street . 


419,264 


402,344 


• • 


16,920 


Windsor . . . 


678,560 


1,020,493 


341,933 


• • 


Green Lane. . 


991,118 


2,413,068 


1,421,950 


• • 


3,831,758 


5,7o8,583 


1,890,745 


16,920 



The large increase at Windsor and Green Lane has beer 
occasioned by borings which have been made since the dat< 
of Mr. Stephenson's report. But independently of these tw 
wells, there has been an increase in all the other five excep 
Water Street. The increase in the first four is equal t 
120,862 gallons per day, and if -we ^l^^uq-X. \3tv^ i-aJ^Mi", ^ti*^ ( 



16,920 at Water Street, we have an increase in tho whol 
group = 109,942 gallona per day. 
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Thig increase, however, is not confirmed by the observa- 
tions -which were made in 1850 by Mr. Stephenson's assiat- 
B, of which a table will now be given :— J 


VusearWellspd 


Yield in M, 


TfeldinM 
table for ISM. 


iDoreue. 


DHraw. 




BwAle, I 
Jan. 3, 1850 ) 

Harolill,185ol 

Jan.'ia, 1860 } 
Hofliam St., i 
Wunh, 18o0 J 
"Water Street, \ 
Jan. 22, 1850 / 


979,9*4 
22i,638 
647,715 
364,652 
611,488 


BBi,ooa 

252,737 
509,732 
229,201 
402,344 


28,049 


37,983 
125,361 
109,144 




3,618,387 


2,275,022 


28,049 


371,414 




Bo that according to this table the falling off in this gronp 
five wells 18 313,365 gallons perday, whioh may be spread 
OT a period of 4i years = 76,303 gallona a year, or nearly 
8 per cent, per annum. 

It ia true the records kept at the stations show rather an 
rease than a decrease between 1850 and 1854, but this ia 
Wnsistent with what has been observed elsewhere, and 
Rt has always been admitted in the case of new red Band- 
line wella. As Mr. Stephenson's esperimenta in tko bogin- 
Bg of 1850 gave a higher result than the dip books, it 
probable that the delivery of the pnmps had been under- 
timated at that time, but were corrected for the future, 
noe I think it most fair to compare Mr. Stephtnaon'a 
mtitieB, as given in the laat table with Mr. Duucqq'b for 

Cable of maxhnum yield of wells, at lowest level, in the 
inning of 1850, and the same for 1854 :— 
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Bootle . . . 




1,102,000 








8»S,983 


588,984 






Koho . . . . 


M4.3M 


609.S28 




fl 


Holham Street. 


43«.fiW 






1 


WkterStnnt . 


T16.5M 


578,907 




11 


Wmdm. . . 


6«0,86i 


1.028,000 


367,138 






1^8.818 


2,605,813 


1,356.996 


' 



Bhowmg a coDBideiuble falling off in all except the t 
io which additional borings have been made to ( 
increased sapply of water. 

Table ahowing the falling off in the weUa, compar 
whole qnantitiea raised in IS-l!) aad 1854, respective 

Total milsr Total n; 

to aft. Blfpfaeo- 



Bootia . . . 


328,180,350 .. 


. 321, W 


Biish .... 


S6,4a3.860 


92,350 


B(>ho .... 


168,812,689 




HoUuim Street 


80.783,436 






160,038.6;6 


116,853 




M2,022,a.J0 




Green Lone . 


367,378,629 


880,768 



Mr. Dancan makes the following obaervatioD on tiin 
Liverpool public wells, in his evidence before the ComnuB- | 
■ion on Metropolis Water Supply in 1868 : — 

"The original supply from the wells has been ps^/l 
discontinQcd, the Hotham Street, Bush, and Sobo Btreet I 
wells being abandoned ; hot the present supply from Green I 
Lane, Windsor, Bootle, Water Street, and Dndlow Lane <■ 
between" 88,000,000 and 80,000,000 gallona per week. Tbt 
quantity originally raised from the well sourceB was about 
HQ, 000,000 a week, and the greatest amount over raised WD) 
botweon 42,000,000 and 43,000,000 gallona, lu the montli [ 
of November, 1866, the amount drawn from the prasent " 
»W; fioui-ccs averaged between 3^),000,000 and 40,000,000 
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gallons a week. There appears, with one exception, to 

have been a gradual falling off in the supply from the well 

sources ; in fact, the continual pumping has occasioned a 

fipreat depression in the water level. In the case of Bootle, 

which is here referred to, the original supply was 900,000 

gallons per diem, hut upon sinking the well a further depth 

of 70 feet, making a total of 100 feet, the supply has been 

increased to 1,000,000. At Green Lane, in 1855, the supply 

per diem was 8,300,000, but in 1866 it was down to 

8,000,000. Dudlow Lane is a new station, and the yield 

per diem is equivalent to 400,000 gallons. In 1867, 

three more wells were in course of sinking, but it is not 

known to us with what results. The water from the red 

sandstone is very hard, and as a fact it was found that at 

Green Lane the original degree of hardness was 4^^, whilst 

m 1867 it had increased to 7 degrees." 

Some representations were made in 1866 by Dr. French, 
the medical officer of health, against the practice of supply- 
ing part of the town with hard water, and other districts 
with soft, or Rivington water. The consequence is that the 
practice has been discontinued, and a perfectly mixed supply 
is now distributed to all parts of the town. 



COST OF PUMPING FKOM WELLS AT LIVEKPOOL. 

Tabls showing the Quantity of Water raised in 1849, and the 
Cost of PuMriNO at the Several Stations. 



! 
Karne of Station. 

1 


Total water 
raised. 


Water used 
for condens- 
ing? at 
Windsor. 


Total cost per 

nnnum of 
raising water. 


Cost per 

annnin of 

ruifiiif? 

1 million 

gallons. 


"Water raisci 
per diiy. 








£ 8. d 


^ 8. d. 




Hootle . . . 


320,486,250 




1445 3 3 


4 7 8 


002,702 


l!u-li . . . 


9.5,433,850 




710 3 6 


7 10 1 


201,403 


Soho 


108,812,589 




833 17 1 


4 18 


4(i2,o()0 


HothamSt. . 


80,783,436 




0U3 4 8 


7 9 4 


221,:]34 


■' AS'ater Street 


150,338,675 




874 7 10 


5 16 


411,005 


1 Windsor . . 


252,922,050 


20,233,812 


949 3 


4 1 


037,504 


Green Lane . 

1 

1 


307,378,029 


• • 


020 2 7 


2 10 1 


1,000,517 
;5.<JO:5,OS5 


1 
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The following table shows the comparative cost of raising 
e walcr in 18^9 and 1854. Aa the water at each well 
jnimpod into a reservoir, the second colamn of the tuble 
wa tho lift in feet at eucb well, and enables as to deiite 
cost per lOOft^etoflift. 



1 



Kbbw of station. 



ilothamSt. . 
Water 8tnot . 
Windsor . . 
Oi«en Lone . 






jaificd 100 f«t 



1^ 



2 10 1 



IS 



3 19 8 

[ 12 IDl 

3 18 l} 

i 15 9 



One or two facts are worthy of notice in this table, ir 
which the cost includes every expense of labonr, coals, oil, 
tfellow, &.C., but no allowance iti either case for weui a 
tear, or depreeiation of engines, ptimpa, &c. In the i 

lie, the only two stations wbich afford any proper guide to 
ptunping expenses, are Windsor and Green Lane. T, 
angines at all the other stations are old, and are only m 
ployed until the new supply is obtained by means of t 

igton Pike Works. It will be obaervod that m 1849 the 
eoat of raising water 100 feet high waa four times greater al 
Eotham Street station than at Green Lane ; while, in 1[ 

e disproportion is still greater, the cost at Hotham Street 
being DOW five times as much as at Green Lane. So mnck 
■r bad engines and machinery. 

The absolute cost of raising the wot ms to ha el 

reduced at all the stations siuee ISl*) x pt at H tkaa 

, where the cost is greater no^ than at th t m 
Jlr. Stephenson's report. Tho dimiu t n at alJ th I 
stations is due to the watchful caro and p n 

b^Mr. DuncuD, tiie ahla engineer of tli rj at n ill 
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of tabulating the accounts, aud keeping tha cLiefl 
Its constantly under his own eye, cannot be too higlilyfl 
ended. I 

) cost of raiGing 1,000,000 gaUona, 100 feet high, &tl 
Elast London works by various kinds of engines, is givenj 
w on the authority of Mr, Wickatoed. 

£ I. 

f n smgie- acting engine by Buulton and Watt 

(average of 2 years' wortiog) 2 6 

Two singla pumping engines by Boultou and Watt 

(aTBrage of 10 years' working) 13 

T^wo other single pumping engines, also by Bonllon 

and Watt (average of 10 yeara' working) ...17 
By a singlB-actiag ComiEh engine, erected by 

Harvey and Co. (uverage of i yeara' working) . 12 

COST OP PUMPING BTATIOKS AT LTVEHPOOL. 

■. Stephenson says the cost of the Windsor station waa ' 
rly £30,000, but there ia a valuable piece of land attached 
it. The Green Lane station, at the time of his report, 

still incoinpiete, but bad then cost upwards of f 10,000. . 

following are tbe details of the entire cost of tMs station, 
obtained from Mx. Duncan : — 



Coat of the well 

Cost of the John Holmes engine and two pumps. 
(Tho engine baa a, SU-inch cylinder, and worked 
on tba avetsge in \S5i up to (i4-boi:se power) 

Building engine bouso, boiler bouse, and stand-pipe 

Coat of the Qeoige IIoltBngme of 62-incb cylinder, 
(worked to na averaga of 76 horaa-power during 
lB/'4) including liuildings, boilers, pumps, and 

Coat of Qreen Lane Station , . , J 



At the time of Mr. Stephenson's report (March, 1850) the 
lolation of Liverpool to be supplied wifb water was about 
1,000, for which Mr, Stephenson estimates a quantitv of 
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6,000,000 gallons per day, being at the rate of 20 galloafcji 
head. The increase of mLabitante between 1831 and 1^ 
appears to have been 89-6 per cent., so that, according to 9 
rate of increase, Mr. St«phenaon assumes the population I 
1801 will be 557,500, and the volume of water then n 
will bo iccreaaed to 11,150,000 gallons per day. 

Supposing a supply of only 8,000,000 gallons a day ti 
required, he estimates that as Green Lane and Wbdsoi I 
wells yielded together 2,000,000 gallons, or one-fonrth of | 
the rotiuired quantity, sis now stations should bo ( 
equally complete in ovory respect with those two large I 
onos. He estimntcB that each of these new stations wotJi I 
cost £20,000, bccaase, although the land for sottio of tbais ' 
would cost less than at Green Lane and Windsor, a greater 
amount of engine-power wonld be required. 

ESTIHATE or TUB OoBT OF \ ByBTEII OF WUiLB FOa LlVBDrODL. 

Mr. Stephenson thou aBBumeg six new EtatiaDa, in- 

(.'liidiugsliartflindatoaiii enginfia £120,000 

Miiiua to connBct thrso statioiiB with pi'opoacd ra- 

Hijrvoir, lit Kuoaiut'toQ . i. ,,.... ■ 48,000 

168.000 
ContLogenciea ..... 17,000 

Total . £185,000 
to supply 8,000,000 gallons, which would Lave to be in- 
creased to £277,000 for the supply of 11,000,000 gallons, 
the quantity which will be required at the end of about M 



The value of concentration, according to Mr. StepheasoniB 
is not so important in water works as in the ease of a 
mauufdctures. On the othec hand, the nurabor of stutinral 
is supposed to afford an opportunity for dispensing 
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dnpEeaie engmes. It is obTions that when several stations 
•16 at worky the £suilare of one will prodaee slight incon- 
Temenee* and a snzpfais may always be provided in the 
■hape of an additional station, to be worked in case of need. 
There are, probably, no large water works with so small 
i an amount of surplus engine power as the present pumping 
ttotions at Liverpool, where the engines work, for the most 
pBity night and day without intermission, and nearly up to 
flieir foil power. No inconvenience has, hitherto, been ex- 
peneneed from this, because if the engine at one station is 
out of order, there are six other stations from which the 
nq^y stQl goes on. Another argument which Mr. Stephen- 
son gives in favour of detached pumping stations, is that all 
flie water need not be pumped to the highest reservoir, but 
timi the different levels of the town may be supplied from 
&e most suitable stations. 
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ANNUAL EZSENSB OV PUMPING STATIONS. 

Mr. Stephenson thus estimates the annual cost of raising 
1,000,000 gallons per day at Green Lane and Windsor 
stations. 

For current expenses, including superin^ndcnce . . ;£l,100 
Depreciation upon engines and machmery, engine 
houses and cooling ponds, £11,200 at 2 per cent. . 224 

£1,324 



At each new station he estimates the expense as follows : — 

Current expenses, including superintendence . . . £1,100 
Depreciation upon engines and machinery, engine 

houses and cooHng ponds, £12,000 at 2 per cent. . 240 

Depreciation of mains, £8,000 at J per cent. ... 20 

Interest on capital, namely, £30,800 at 4 J per cent. . 1,386 

Compensation to landowners 250 

Annual cost of each new station . , £2,996 

Mr. Stephenson then gives the following table, showing the 
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wutiul cost of obtaining from 8 to 14,000,000 gallons per 
day, Mtimuting ettL'b of the old statioas at an expense ot 
£1,321, and each of Oie new ones at £2,996. 



To obtain 


OldSUtiiMu. 


N<nrStatl«u. 


CoHtsyeor. 


It lullion gallons 


2 


6 


20,624 






7 


23.620 


It 




8 


2B.616 
29,612 










13 


2 






14 „ 


2 


12 


38,600 



A veil or lyttem of weUs being already in exUteiice, -wlteth/f 
it ii aJi'uuliU to icek for an increase in the yield by liriiinj 
aditifrom the holtom, or by sinking new welh ? 

Mr. Stephenson then discusses thifi quoation with mndi,, 
clearnQHii and iugenuity. He first esplaios what is called tba | 
cone theory in well sinking, namely, that the mass of eartb 
drained by a woU may be viewed as an inverted eona, oi 
which the apex is the bottom of the well, and the base ie > 
cirde at the surface of the ground. AIbo, in this cone, ttie 
sloping sides reproseut the inclined surface of the wat^i 
flowing in all directions towards the well. 

Aa the pumping proceeds, the angle formed by the liideB [ 
of the cone becomes more and more obtuse, or in otbei i 
words, the sides of the cone become less vertical, and mots 
nearly horizontal, "until," in the words of Mr. Stephenson, 
" an iuuUnation Is established, whoa the friction of water is 
moving through the pores and fissures of the rock, ia "O 
equilibrium with tho gravity upon the plane." Mr, Stephen- 
Bon observes that whou once this condition of eqiiilibriaai i» 
established, all further pumping is useless, as the water wilt 
simply bo gradually lowered, mitil the well is eshansted; 
and, of course, no addition of pumping powoc wili inert 
thu yivld of llio wcli. 
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"When an existing well is thus ezhansted, three conrses 
insent themselves. 1st, to deepen the well by sinking bore 
VAes at the bottom ; 2ndly, to drive adits from the bottom, 
and thns increase the snr£ice drained by the well; and 
'. MIy, to sink a new well in another spot. Mr. Stephenson 
^ ioes not recommend the first expedient in the case of Liver- 
pod, because all the pnbUc wells, except the Bootle, have 
t~ ibeady been sunk to the level of low water mark, and he is 
\ ef opinion, if the sandstone be as pervious as it has been 
[ proved to be, any addition of the depth, either by sinking or 
f 1x»ing, would have the effect of admitting water from the 
I KeiBey, and consequently very much impairing the quality 
, of the water. 

[ Mr. Stephenson next shows that the second expedient, that 

of driving tunnels, so as to make what is technically called 

, t lodge or lodgment for the water, is principally useful where^ 

' Uie pumping is periodical, but that it does not much increase 

the drainage area of the well. In illustration of this view he 

gives a diagram (fig. 17), which he thus describes : '* Let ua 




Euppose that a well is sunk at A, and that it drains an area 
represented by the circle BODE, and that a tunnel is 
driven from A towards D, say one mile in length, and that 
aucther well is sunk at D upon the extremity, or upon the 
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lennlnus of this tnnncL The only effect of ihia won!^ 
bo lo iuurcseu the dmiwge area of tho "weU A by the iu«i 
F 11 0, togelhor with the snmll Iriangnlar pieces shown on 
tho figure ; whereas, Insteail of the tunnel being driven from 
^ to A if the well at D had been simk at H tho sre> 
drained wnnld have been doable that which was originiillj 
drained by A." After viewing the sabjact in all its beaiings, 
Hr. Stephenson is of opinion that increasing tho nnmbec of 
yitMa is Lkely to bo a more permanent source of supply thw 
extt'iiaivo tunuelhng. At the same time he observes ihat Uia 
l&tter admits of an easy mode of connecting the varioiu 
B»urcos of supply, and, consequently, of concentrating the 
whole of tho pumping estabhshments. 

It appears from the endence given before Mr. Stepto- 

n, and from tho evidence in 1843 on tho Liverpool Wata- 

ing Bill, that tho Wiiidaor well, which ia 210 feet va depth, 

affected tho surrounding wella to n maximum distance of i 

Siilo and three-quarters. 

ON Tira n-uoTUATioN of level in the water of the 



There are some interesting notes and observatioua made 
on this subject, A series of dip books, kept in the f^u 
1844, show that Jn the "Windsor well the water usually 
Btooil on Monday morning at about 75 feet above the bottom, 
on Saturday night at an average of about 40 feet. TLis 
effect of the pumpiag during the week appears to have coa- 
tinued without much variation until June, 1845, when the 
engine began to work 24 hours a day instoad of 13. I'm 
iffect of this increased amoont of pumping is, unfortunatelji 
not recorded. 

In October, 1845, the engine commenced its previous 

ode of working during the day only. Tho levels of Uie 

water at this time were 75 feet above the bottom on HondaJ. 
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lomings, and. on Saturday nights about 82 feet. In June, 
.846y when accurate records were again kept, the depths on 
fionday morning and Saturday evening were respectively 
B6 feet and 24 feet, and these depths seem to have con- 
tinued nearly the same till April, 1847, at or about which 
period a larger pump was applied. At the end of May in 
tius year the levels of the water on Mondays and Satur- 
days were respectively 89 feet and 14 feet. These levels 
(fiminished from this time till February, 1848, when they 
Here 17 feet and 9 feet, and still farther diminished till 
BeeembeTy 1849, when they became 14 feet 5 inches and 
8^ incheSy respectively. This state of the water on Satur- 
day night clearly showed that as much water was being 
pumped from the well as it was capable of yielding. 

Bearing on this part of the subject, the appendix to the 
leport contains some very valuable tables showing the re- 
markable falling off in the yield of certain wells. 

It appears from the evidence of Mr. Thompson on the 
Liverpool Watering Bill in 1843, that the Windsor well in 
April of that year yielded, per day, 1,152,000 ; 
In May, 1848, after an interval of 5 years, the yield was 

807,061 gallons ; 
In January, 1850, a further interval of 21 months, the 

yield was 705,667 gallons ; 
Another observation in January, 1850, made the yield 

684,752 gallons ; 
and this latter agrees nearly with the records of the Duty 
book. 

It appears, then, that in the first 5 years the yield dimi- 
nished at the rate of nearly 6 per cent, per annum. 

In the next 21 months, the diminution was at the rate of 
7*2 per cent., or, taking the smaller yield to be correct, at 
the rate of 11 per cent. 

Similar experiments were made on the Green Lane well, 
from which it appeared that the falling off in 22 months, 
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ttom my, 184S, to Uarcli, 1850, was at ttie rate of ^ 
eeut. por umum, uccorJiag to one eet of observatioos, and 
at the rate of i'7 according to the other. 

Sevorul observations are given to show the falling off in 
tile yidd of two railway wells at Edge HiU, 
fc|)pcura to be dae to the sinking of bore-lioles in the vicinity, 
they are not suitable cases to show the gradual and general 
foiling off in the yield of new red sandstooe wells. 

The following are the conclusions which Mr. Stephensra 
druvra from a careful conBideration of the facta which he coi- 
lectud : — 

"That an abundance of water ia stored up ii 
sandstone, and may be obtained by sinking shafts and drivlog 
tunnels about the level of low-water. 

"That the sandetone is generally very pervious, admittiDg 
of deep wells drawing their supply from distances exceeding 
one mile. 

"That tbt) permeability of the Bondstoiie Is occasional^ 
interfered with by &ultB or fisBureB filled with argillaceaas 
matter, sometimea rendering them partially or wholly wate^ 
tight. 

" That ntitber by sinking, tunnellbg, nor boring, can tlw 
yield of any well be very materially and permanently in- 
sod, except so far as the contributing area maybe 
thereby enlarged. 

" That the contributing area to any given well is limited 
by the amount of friction experienced by the movemeEt ol 
the wat«r through the fissuieB and pores of the sandstoue; 
and 

"That there is little or no probability of obtaining per- 
■manently more than nbout 1,000,000 or 1,200,000 gallonas 
day from each well, and this only when not interfered witli 
by other deep wells." 
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THE PALEOZOIC SERIES. 



It is proposed to glance at the great formations composing 
fiiis series in a more rapid and general manner than that 
which has been adopted for the mesozoic and tertiary groups. 
In this country especially, although highly important in a 
geological point of view, the Palaeozoic rocks are much less 
within the range of hydraulic investigations than those which 
bve hitherto been considered. With the exception of a few 
large towns, situate on the coal measures, and a still smaller 
Dnmber on the old red sandstone and Silurian rocks, most of 
these old formations are without any large centres of popula- 
tion, and therefore do not possess the same interest for the 
hydraulic engineer as the new red sandstone and other more 
recent formations. It is true, many of the older rock dis- 
tricts, especially the carboniferous limestone, the millstone 
grit, and even the slate rocks of the Silurian and Cambrian 
series, furnish the gathering or drainage ground, from which 
some of the largest and most important towns in the king- 
dom are in future to be furnished with their supply of water. 
Liverpool and Manchester are both now supplied from the 
elevated region of millstone grit which surrounds them. 
Bristol is already supplied from the carboniferous bills 
of the Mendip district, and Plymouth has been supplied 
for two hundred years from the granitic district of Dart- 
moor. Most of the large Scottish towns, as Edinburgh, 
Glasgow, and Aberdeen, already draw their water from 
drainage areas on the surface of the oldest rocks in the 
country. 

Principal subdivisions of the Palaeozoic rocks below the 
^Tmian group : — 

Cualfonnation, Consisting of a series of indefinite alter- 
nations of shales and grits, or sandstones of various kinds, 
^ith layers of coal and ironstone, and occasionally but rarely 
^in beds of limestone, thickness about 3,000 foot. 
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MlUfUme -jrit. Consisting eomotimoa of pebbly, quari 
griutcmcs, and somutimea of compact felspatliic eandston^l 
KuJ sliales, witb occasionally thm bods of coal and ironetotiai I 
avortil LRDilred fuet in thickness ; bat in Yorkshire attain- \ 
•Jug a thiuknuss of 1,000 fcot. 

Carboniftrrowi limcstune, A mass of calcareous rocks, coa- 
sinting in tlie npper and lower di\-ieiong of thin, laminaltidi 
«baty beds, aometimea witb ajgillaceons partings 
teulre portion of a tbick maaa of nearly pore thick beddfli 
. JimBRtonos without clay partings. In Yorkshire containing, in 
the lower part, hods of coal, Tbickness varying from 6O0 
lo nearly 2,UU0 feot. 

Oldred mtuUloHt. Gonsiating of arenaceous conglomemtea, 
BanilstonoH, and argillaceons rocka, aumctimos containing iu 
.pnru liuostones and ilagatonea. Exceedingly variable i 
UiicknesB, but probably not leas than 3,000 feet in Herefoid- 
•hire, and still more in Devonshire. 

Silurian group. Consisting of sondstonea, limBBtona^ 
eholes, conglomerates, and calcareous llagstones, many thott- 
Bund feet in thickness. 

Cnmhrian ipvup or lower Silurian. Consisting of sant 
stonea, iudnruted argillaceona rooka, dark laminated linfr 
Btonea, fine and coarse grained elates, &c,, also sevenl 
thoQBond feet in tluckuees. Below these are mi 
cbloritic alatca, quartz, and other rooks in Anglesea asi 
Carnarvon sliire. 

The coal formation, owing to the alternation of porous 
grit and saudatone bods with retentive strata of shales ani 
clay, commonly yields a modorato supply of water wberevnt 
?ella are Bunk into it. The water, however, is usaaily of 
inferior quality, being often much impregnated with ii 
doubtful, also, whether any shaft sunk in the coal meoBUrm 
would yield a sniEciont quantity of water for the supply of 
a large town ; whetlier, in fact, any such shaft would jieH 
' even a miUion gallons a day. Water is indeed often trouble* 
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ome in coal mines, and we frequently hear of large quantities 
laving to be pumped out in order to keep th6 workings dry. 
Ibese quantities are, however, commonly quite insignifi- 
cant when compared with those required for consumption 
in large towns. It is probable that the numerous faults 
which occur in all coal measures, and which are frequently 
fiUed up with impermeable matter, operate to cut off and 
isolate the water-bearing strata into sections of limited area ; 
and this provision, so beneficial to the miner, is evi- 
dently one which interferes with the supply of water to be 
obtained from wells or shafts sunk for the purpose of water 
Works. 

The following are the principal towns in England situate 
on the coal formation ; — 
Newcastle and Durham in the coal field of Durham. 
Leeds, Huddersfield, Barnsley, Rotherham, Sheffield, Brad- 
ford, Wakefield, in the Yorkshire coal field. 

Cardifi*, Merthyr, Swansea, Newport, and Pontypool, in 
the South Wales coal field. 

The millstone grit has scarcely any towns situate upon it, 
but is very important, especially in Lancashire and York- 
shire, as furnishing the drainage area which supplies water 
to several of the principal towns in the kingdom. 

Lancaster, Preston, Liverpool, Manchester, Stockport, Brad- 
ford, Leeds, and many others, are all supplied from the 
united springs and surface water of the great millstone grit 
fonnation which constitutes the axis of what has been dis- 
tinguished as the Penine chain of England, 

The deep, precipitous valleys of the millstone grit, the 
porous strata resting on the impervious limestone shales 
^hich throw out the springs, and the extraordinary rainfall 
in the bleak and elevated district which it occupies, all con- 
tribute to make this a highly desirable water-collecting for- 
^ution. A comparatively small surface suffices for a drain- 
^o'« area ; the volume of drainage water is further swollen 
^y ^yrrngs which usually break out at the Tacada anvi ^\vi^"^ c>l 
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vhcre the limestone sbikle begins, and the iee^lj 1 
grooved form of the voIIojb gives pcculinr facilities fnr Iht I 
construction of embankmcntB to hold ap the water in stoiBga I 
resen-oirs. 

The enrhoniferons limestone, like the millstone grit, is M- 
eqnally destitute of large towns situate within its haaU, t 
slthnagh there are several large towns which derive tlieii i 
chiuf supply of water from the spritigs and streatns of W' i 
honiferuna limestone districts. 

The great central mass of the carboniferous limeatoafc 
admits water very freely to pass through by means of the 
numerous fissures by wbirh it is fractured. The upper and 
lower shales of this formation are probably not so freelj 
permeable by water. 

The pbonomeiia of Epringa caused by faults filled up irillt 
argillaceooB matter in limestone districts have been already 
alluded to. Those springs are very common in Derbyabiie, 
in the Gower district of South Wales, and in the district^ 
the Uendip bills. Copions stTeams of beautifully clear limpift 
water are coastactly fiowing through Leigh- upon -Mendip, 
Downhead, aud other villages on the Mendip hills. These 
springs, which break out on very high ground, are asaally 
caused hy faults damming up the water. Nearly every ranga 
of carboniferous limestone in England presents examples of 
streams, and sometimes large rivers, being engulphed for a 
time and pursuing a subterranean course tbrough the fissures 
and cavities of the limestone. The river Manifold and its 
tiibutary, the Hamps, are well-known esamplea of Bubte^ 
rancan rivers in Derbyshire. Both these rivers flow ten 
the millstone grit, and -after passing over the lower liiiiii- 
stone shales they become lost in caverns of the great lisiB- 
atone ; and after pursuing a subterranean course of about 
four miles in length, the two rivers, having united undnt 
ground, appear again near Ham as one stream, which flowi 
in a deep cleft of the rocks and Joins the river Dove, neW 
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The Ribble, the Nid, and otherfl of those rivers 
in the elevated mountain district between the 
ities of York and WeBtmoreland, axe alao sabterraneaa 
upper part of their course, 
The Bonrces of the Ayr and the Wharfe which rise near 
the base of Pennygent mountain in the wegtem mootlanda 
of Yorkshiro, are also sahterranean for Geveral miles daring 
><ry &easona. The small rivar Greta which nem in York- 
-bire, but fiowa westward to join the Lune in Lancashire, is 
also Babterraaean for Bome part of its course. 

The same phenomena of swallet holee and Bubterranaao 
rg present themselves in the district of Gower and in the 
[dtp hills. Both in the Mendip and in Derbyshire the 
iness of stopping the swallet holes in order to prevent 
loss of the water ia a regular profession, pursued by 
10 of the most cunning and artful of the native inha- 
lants. Their services are highly valued, and are in great 
Hjuest in dry aeaaons when every drop of water becomes 
lloable. Many of the subterranean courses in limestone 
Ueys are of comparatively small capacity ; at least there 
9 certain points in them at which no unusual volume of 
iter ean pass. In consequeiice of this the surplus water 
lioh cannot pass off by the subterranean channel appears 
the surface, generally at the bottom of a deep romantic 
Hey, cleft through the solid rocks which hem it in on both 
IcB. In wet seasons, therefore, it ia not nnusual to find a 
Dok Howing at the surface in the bottom of a valley, while, 
few weeks afterwards during a drought, the brook may 
'e disappeared from the surface and be confined to its 
ibterranean channel. 

Uany of the springs from the carboniferous hmestone are 
trouely copious. The one named after Bt. Winifrid, at 
* In the Peelt district of DerbyKhire, many Email tributarios of tha 
rwsnt are enguliihed in the middle limeBtone rocks, and re-appeai ia 
iLMghtiviiihood cf QuUetoD, 
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Bolywell, in Flintshire, meD^oned by Messrs. Cony' 
Knd Phillips, yields nearly seven million gallons a day. 
This stream in its short eotirse to the sea, of aboat ona 
tnile, tnins no less than eleven mills, three of which are 
placed abreast. The springs dedicated to St. Mary and St. 
Oeword, in the same neighbonrhood, are almost equally 
•opions. Other celebrated springs occur at Giggleswick sear, 
on the road from Bettle to Eirby Lonsdale, and at othei 
places in the western moorlands of Yorkshire. 

The hot springs of Buitton and Matlock, in Derbyshire, 
«ie derived from mountain limestone, and bo are the hot 
iwaters of Clifton, near Bristol. 

10 aid red mndftone. This formation is chiefly de- 
veloped in Devonshire, and in the conntiea of Hereford, 
Monmonth, and Brecon. Tbo principal towns on it are Leo- . 
■minster, Hay, Hereford, Ledbury, Ross, Brecon, Aborga- 
Tenny, Monmouth, and Newport. In North Devon, Bam- 
gtaple, Diracoubo, and one or two smaller to'wns are sitnate 
on the old rod sandstone ; while, in Soath Devon and Com- 
'Vall, there are Falmouth, Bodmin, Tavistock, Plymouth, and 
Biany others of less consequence. 

The scenery of the old red sandstone is characterised by 
ilnrge and massive features, as extensive plains, broad valleys, 
and occasionally mountain masses of conslderahlo height. 
fFhere have been few embankments made across old red 
sandstone valleys in this conntry for the storage of water, nor 
does the physical conformation of the valleys afford the sane 
facilities for liiis as in the millatoae grit and slate districts, 

The alternation of argiUacoous and sandatone beds throngh- 
ont this formation occasions the water to be held np at 
various levels, and generally throughout the districts of 
Herefordshire and Monmouthshire the weils of private 
3s meet with abundant supplies of water at no great 
depths. There is no instance of any well being sunk in the 

■ed sandstone for the purpose of procuring any 
upply of water. 
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e iontiB Bitaate on tbo Silurian and CambriaD strata of 
intrj, and on the granitic and syenitic formations, 
inimportant that it will cot be necessary to enter into 
^rdcnlars respecting the hydrography of these gronpa. ^h 
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The commonest form of well is that eunk into a bed ol 
ind or gravel resting on an imperviona substratum of cliiy. 
are the Eballow surface wells found in abundance all 
the utetrnpoliB, and such afforded, probably, at one 
the best supply which ita inhabitants were able to 
no. Wells of this kind are still existing, and ore still used 
I many towns which are built on deposits of sand or gravel 
!sting on a bed of cky. In digging such wells it is no 
necaasary to sink down to the elay, but only to the deptl 
at which the gravel 01 other porous stratam is saturated 
and thifl is frequently found to be by no means a uniform 
wTfll even in woUs which are situate very near to each otber. 
The Buperineumbent stratum of sand or gravel being 
IWally situated in a trough or depression of the clay, 
"isy ba presumed, theoretically, that tho basin is p 
""Miantly saturated below the level of the lowest natural 
point at which the water can escape or flow over the edge 
Of the basin, and that at any given point inside tho ba 
Uia water will stand at a certain fixed height above this l 
of overflow or saturation. This height, again, it has been 
SPBght to determine theoretically &om considerations con- 
oeoted with the permeability of the overlying deposit. There 
many circumstances, however, which conspb-e to render 
theoretical deductions erroneous even in the most simple 
For instance, the surface of tho clay basin may be 
very irregular, as indeed it commonly is. It may have beoo 
Imversed by- ancient water courses which have left ridgos 
id lioUowB, while, beside all this, there me.^ Vwe ■\ifte.\i. 
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■rublcmnoan movemeiita eitlier before, at. or after tbe 
deposit of the gravel whicb may have prodaced rolls or 
riilgcs in tlie clay. Henco it happens that from natuml 
onuHOs alono, apart from tho effect of other wells, it can 
Bultlom bo predicted with certainty at what height the water 
will he found or will permanently stand in snch snrfaee wells. 
In all basins of this kind the water must be conceived u 
grudaally percolating from the surface downwards tonnrds 
the level at which it can escape, sometimes Sowing villi 
eomparaUve freedom through materials tolerably poiortSi 
and at other times obstmoted, now by changes in the nEttnre 
of those materials, and now hy dams and other obstadH 
interposed by nature. 

I have said that such wells probably famished at one tinu 
the best supply obtainable in the metropolis ; bnt all tbie ia 
widely altered at the present day, for einoe the iramenw 
increase of buildings, the soil has become saturated witli iDi' 
purities of every description, which can scarcely fail to l^^'' 
frightfully contaminated the water of all such wells. ^^^ 
cburcbyards of the modern Babylon, her sewers reckoned by 
Lundreds of miles, her gas works, her chemical and otbet 
manufactures whose proceeds are injurions to boman HF^i 
have all contributed their share to the poisoning of wells 
which might once have been wholesome, although the waia 
could never boast of the fresbneas and life of deep spufS 
water. 

The other class of wells is widely different from the to'i 
and commonly yields a supply of good spring water. Tbeso 
are wells sutik through an impervious material which is itssU 
destitute of water, but which serves to keep down the watW 
in a porous bed lying beneath it. For instance, after fio^' 
ing through the thick mass of the London clay in the neigh* 
bourbood of London, we reach a series of beds contaioiog 
sand and gravel in such proportions as to make them readily 
permeable by water ; so that it is no nncommon thing, on 
linking dowa to, and distuibin^ fee teToaikuWe pebble bed 
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1 usually fonns the basis of the London clay, to find 
ie -water bnrst up with some violeDOO and stand permft-' 
cntly in the 17611 many feet higher than the level from 
(hich it rose. 

!he same thing occuth in sinking through other hard 
E before reaching the chalk, and, again, at the top of! 
; chalk, the hed of green-coated flints, which nsuaUy 
iratea the chalk from the overlying sands, gives rise 
phenomena of water bursting up. On sinking 
i chalk also, the chalk marl is usually fuund to 
} down the water of tho upper green sand in a similar 
Der, and again on a much greater scale the gault per- 
is the same ofiice with respect to the water of the lower 
n sand. 

ow in aU such cases as these where a superior overlying 
ervions stratnm has to be sunk through in order to reach 
-bearing stratum beneath, it is not necessary to dig 
[ell to the entire depth, hut after sinking down a certaiii 
e and forming a well into which the water may rise 
a reservoir, the rest of the process is simply 
led by boring down to the water-bearing stratum by 
IB of a small perforation varying from three or four 
a np to eighteen inches. Through this small perf( 
I the water will find its way up to the larger well ahovo, 
a whence it may bo pumped up as required. 
a certain favourable situations where a baring is mad^' 
Dngh an impervious stratum at a point considerably lowi 
«vel than the porous district, at the line where the wat 
^ into the earth, the water rises above the snrfaci 
ing rise to the condition termed an artesian well, froi^j 
if first general establishment in the French province 
kiis, Btich wells were once common in the valley of the 
wnes about Brentford, but are not now ovei-flowing in 
Bequence of the great number of them which have been 
i into the same stratum. Ovei-flowiug wells are still 
mon, however, on the flut lands of Eases, aboat FouLuesa 



I 



^ 



,174 WELLS A})D BOBIK09. 



^ 



IbIukI, &e., and also on the coast of LucolDBliire, from 
BpoUing to the Hamber, in wbich part of the country they 
9Xe callcil blow wells. 

There is aome ambigaity in the name artesian as applied 
to these wetls, as it is nncertoin whether it should be con- 
fined to those which overflow, and rise above the stirface, or 
sbonld bo appUed to all wells in which the water is procured 
by boring inBtoad of sinking. I think myself that a general 
'Xame abonld be applied to all those wells in which the water 
isprocared by boring through a retentive soil down to a water- 
bearing stratum, and .the name artesian would do for these 
H well as any other. Then those wells, in which tbe ivaler 
rises above the surface, should bo distinguished as ovbT' 
flowing artesian wells. 

Some such distinction as this is obvionsly necess^, 
because different persons understand different things by the 
term, artesian well as commonly applied ; in addition to 
which many wells which were once overflowing are not so 
now, as already moutioned in the case of those bored in 
the valley of the Thames. Such wells are of course etill 
artesian wolls, but are no longer overflowing artesian woHa. 
It need scarcely be observed that ordinary borings are iinilo 
distinct from artesian wolls. These are oiceodiugly common 
in such districts as the chalk and now red sandstone, wberfl 
they are sunk at the bottom of shallow wells or lodgmcnls, 
as they are sometimes called, in order to increase the 
supply. 

For instance, in procnring the supply for Watford, whiob 
is situate on the chalk, a well or lodgment was first taiis 
16 foot in diameter and 33 feet in depth. A boring of 12 
inches clear diameter was then directed to be made to th^ 
depth of 70 feet below the bottom of the well, and thiB it [ 
was calculated would produce 300,000 gallons per day w 
twenty- {our hours. 
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n bard and homogeneoas rocks such as chalk, the oolites, 
L nevr red sandstone, wells frequently do not require a 
ing of any kind, and have merely to be excavated to the 
quired size. The chief difficulty in hard rocks is, that 
asting by gunpowder is frequently necessary, so that the 
recess of sinking becomes tedious and expensive. All shafts 
ank in argillaceous, marly, and sandy strata require, how- 
iver, to be lined or steined, as it is technically called. Even 
n sinking through the harder rocks, also, partings and beds of 
day and sand are frequently met with, and sometimes require 
a lining as much as if the shaft were entirely in clay. 
Yarious materials are used for lining wells, and preventing 
the earth through which they are sunk from falling in. The 
principal of these are brick, stone, and iron, while wood is only 
employed for temporary purposes, as in the shafts of mines. 
For large wells sunk in the tertiary strata around London 
alining of one brick in thickness is frequently employed, and 
for smaller wells a lining of only 4 J inches, or half a brick, 
may be used. When the lining is half a brick in thickness, 
there is only one mode of laying the bricks, namely, in 
courses breaking joint with each other. Where the work 
is a whole brick thick, it is sometimes built in two half- 
brick rings, and sometimes the bricks are laid all as headers. 
Wherever the common statute brick is used, it is evident 
that all the horizontal joints are lenticular, or wedg^-shaped, 
80 that the sides are never parallel. This is a great incon- 
venience and can never make good work, no matter in what 
way the gaping space at the back of the joint may be filled 
^p. Formerly there was some difficulty connected with the 
excise duties, in procuring bricks of any other shape than 
the regular statutory rectangular form. Since the repeal of 
these duties, however, bricks may without inconvenience be 
procured of any shape and size, and ought certainly for 
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tteining wclla to Lave ends radiating to tho centre of tha 
well. It vroold not be necesssry of coarse to have brii^ks 
moulded specially for every particular well, bnt there might 
b@ forms to suit welle, increasing in diamet«r by stepe of two 
feet np to ten or twelve feet in diameter. Badiated brickg 
of this description are now estousively made for sewer woti, 
and might be employed with equal advantage for wells, 
They woold at once effect a great superiority over ths 
crdiuary steising of wells. 

The mateiial to be employed for steining mnst, of coime, 
bo decided by the judgment of the engineer, according to 
tho particdar circumstances of each case, as in many 
localities and in certain pecaliar cases, stone or iron may 

iBsesB advantages over brioliwork. 

In sinking throngh the tertiary clays and sands in tlis 
neighbourhood of London, it was formerly very common lo 
employ a wooden ring or curb on which a cylindrical mass o! 
brickwork was buHt. Then the ground beneath the cnrb 
was escavated, and the whole mass of brickwork gi'sdnally 
sunk down aa additional courses were placed on the top of il- 
This method of building wells is not now so common as tliat 
of building underneath in the fashion of underpinning. This 
method of building underneath the already executed stoimn? 
is well described by Mr. Swindell in his treatise on wells ani 
well-dig^g. Suppose eight or ten feet of the well dng out, 
tho eteining of this first part may be built from the bottom, 
and then a further depth being excavated, it becomes neces- 
sary to complete the eteining beneath the part alreadf 
executed. This is effected by laying at the bottom of tbo 
recent excavation three eoursea of brickwork in cement, and 
building the other courses of ordinary brickwork upwards 
until the space is filled np. The well, when completed, will then 
consist of a cylinder of brickwork, vrith occasional nine-inah 
set in cement, and the interval at which these rings 
occur will depend on the nature of the strata, being asually 
in the tortiary beds from five to twelve feet. In working 
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imrougli snudy strata, which s.ltertia,to with clay a.nd ar^^H 
[ceqnently Bftturated with water and converted into veritabM^H 
qnicKsands, many precaniions are necessary. Frequentljl^H 
the whole brickwork in sach cases has to be set octirely in 
cement or in the best hydraulic mortar, and very often the 
Gleinicg already executed has to be suspended or held up in 
its place by iron rods attached to an iron plate underneath 
tkfl brickwork. Even these precautions are sometimes not 
fuffieient, and resort mnst be had to iron cylinders in lien of 
iirfckwork. These iron cylinders are sometimes of wrought, 
and Bomotimes of cast iron, bolted together by means of 
Dftnches. They froqaently require considerable force to 
Jrive them down through quicksands and other incoherent 
beds. Mr. Swindell says ;— " In some wells that Lave been 
executed in saitdy soils, cast-iron curbs have been inserted 
at intervals, each curb slung to the one above it by tie-rods. 
The gravel or sand can then be excavated under the cnrb, as 
the elay eao under the brickwork rings Get in cemont ; tta 
curbs, in &ct, beariug the same relation to the cemented 
B^kwork is the case of sandy soils, as the cemented rings 
^B.to the dry brickwork in clayey groimd." 
H.jUthoiigh Mr. Stephenson, ia his nblo report on the well 
Bipply of Liverpool, prefers the sinking of separate wells to 
^■e emploj'ment of adits or drift-ways, yet the latter are 
^Biliemely useful as lodges or reservoirs to store a quantity 
^6 water in caees when the pumps are not at work. Tiio 
^fcft-ways at the bottom of the well in Trafalgar Square 
Hwm a reservoir capable of holding 122,000 gallons of water, 
H^ the storage rooms at the bottom of some of the Liver- 
Bpol wells is much greater than this. 

^B In many wells extraordinary precautions are necessary to 
^Kclude lattd-spiings and water of inferior quality, and some- 
^nea the interests of adjacent canals and of the neighbouring 
^BO proprietors call for such precautions. For this purpose 
^B- biickwork for a considerable depth is sometimes set in 
^fcent or bydraalic mortar, besides being i^xiLQLi&e^ dt cnu- 
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erctcd at the baclc. In the well Bunk by the London ao3' 
Korth-Woatera Railway Company at Camden Town, there 
Vas an icner and an outer steining of brickwork, the inner 
being H inches thick, and the onter 9 inches. The epaee 
between the two cylinders of brickwork contained a seg- 
mental cylinder of iron, backed with 9 inches of cencrole. 
The whole thickness of the lining in this case, therefore, was 
iltont 2 feet. This mode of construction waa adopted to a 
depth of 28 feet from the snrfnce, below which was a brick 
ingof 9 inches, with bonding carlie of iron at intervale.* 
diMDoter of this well is 9{ feet in the clear, and the 
of the steining is executed in cement. 
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There are so many contingencies connected with this kind 
of work that we mnst be prepared to find great anomnliea in 
the coat whiish Has been incnrrod. The comparative hard- 
ncss of the strata to be snnk through, the frequent occurrence 
of quicksands occaBiocing peculiar precautions and mneh 
expenditure in the sinking, and the necessity for fteqaently 
keeping out land springs, are all anbjecta which very mate- 
rially influence the expense. Most cases of well-sinkiag 
require a special estimate from esperiencod practical penona 
well acquainted with the strata to be sunk through, and wilh 
similar works. Such estimates, although probably more Id 
be depended on than any other, are frequently very erroneoMi 
and lead to great disappointment. The foUowing attempt to 

I show tho cost of wells in the neighbourhood of London it 
founded on some statements by Mr. Prestwioh ; hut I hava 
endeavoured, as will be scon, to separate the well-sinkiDg 
from the boring, htivmg in certain cases deducted from the 
total cost a sum equal to £2 per foot, which may he taken K 

■ SwindeU oq " Wolla and 'Well Digfing ;" Wealo's Rudimentary 
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allowance foi boriog a 
ip well. 



id tubing at the bottom of a 



Beid and Co. 'a ditto 
SoologioalGlardeiiB, I 

Regent's Park ) 
Model Prison, Pen- 1 

toDvillo . . . ) 
Lnnatia Asylum, ) 

Colney Hutch . j 



The price for the well at Rcid's brewery includes the hira 
r of temporary pumps during tho execution of the 
pi, and also the cost of two new sets of permanent pumps, 
will be Been from the following account of this well, taken 
n the description by Mr. Eraithwaito, in the Procoedinga 
the Inatitutton of Civil Engineers for 1843, that it eom- 
H considerably more than a mere shaft, that the sinking 
.'the chalk'waB enlarged into a capacious reservoir, and that 
Bonaiderable extent of adit was driven at different levels. 
IB yield of this well is 277,200 gallons pec day, the water 
ing used for refrigerating purposes, although it costs the 
ra to raise it than they would have to pay the 
ir oompanies for a similar qaantity. The depth down to 
ta chalk at this well is 188 feet. At the depth of 87 feet a 
I cylinder, 5 feet 3 inches by 8 feet 2 inches, is 
Uertad and continued down to 186 feet, to within 18 inches 
I the first bed of flints in the chalk, The sinking in the 
k was gradually increased in size as it proceeded down- 
Nads, till, at the depth of 176 feet from tho surface, it was 
8ifeet diameter, Tho exca\Btion was continued at this 
kmeter as far as 202 f tt below thL sujfjco. Water was 
rend under tie second, Bi\tb, eighth, and tanth heda of 
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Sinking two BhtfU at Oaken in the red iuidEtone 

rook, each loO feet deep, 1 00 yards at £5 ... £500 

Standago at bottom forming the enlargement oucea- 

*uy bt the lodgment of Ibo vutcr 1,500 

Driftwayi, £00 yardB at £* SOO 

Putnpiiig and Bnnddea ..•■>•■•. 1,200 

£*,Wi 

The estimate for these tiro shafts, each 160 feel deep, i> 
■omewbat iDconsistent with the fuct tLat the Green lM» 
siugle abAft at Liverpool, 183 feet deep, cost £6,600. 

Hume very valaable information as to tbo constraction of 
wells, esptcially in tbo ceighbourbood of London, will hfl' 
fonnJ Ja Mr. Swindell's " Radimontary Treatise on WeD 
Digging and Boring." The method of constrncting well* 
with sinking curbs, and of steining in brickwork, and lining 
with iron cylinders, ore Lbore describail in a very practifa! 



There nee also some very nsofal observationB on tbo moet 
improved methods of boring. 



The chief localities in which tbeae wells have bithflrio 
been sank in this country have been already described, 
The expense of boring them is of course much leas than that 
of shafts. 

Mr, Prostwich gives several exarapleB of artesian well 
borings in the neighbourhood of London, from which their 
cost may be judged of with tolerable accurncy. Thus, h 
boring of 252 feet in depth through tertiary strata in Lom- 
bard Street, cost £200. One at Water Lane, Edmonton, 
66 feet deep in tertiary strata, cost i'13; one at Waltham 
Abbey, through 90 feet of tertiary strata, cost £10 ; one at 
■Wigborough, in Essex, through SOO feet of tertiary strata, 
cost about £120 ; and ono at Mitcham, through 190 foet ot 
tertiary Blinta and 21 feet of cbn,\k, gqbV £100, From these 
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KunpIcB, it appears that the cost of boriag np to 100 feet 
n tertiary strata, does not exceed 43. per foot. For depths 
aetween 100 and 200 feet, the price seems to vary from 6», 
lo 10s. per foot ; and between 200 and 300, from 10». to J 
16'. per foot. 

A deep boring sunk at Loughton, in Esaex, throngh 536 I 
feet, of which 824 were in tertiary strata, and the remaining 1 
Hi in chalk, cost £750, or nearly 803. a foot. 

Mr. Clarke's price for boring in tertiary Btrata, at the J 
wttom of a well 180 feet deep at the Model Prison, waa i 
Ss, per foot ; the boring to be made with a lOi inch anger, 
ad to have cast-iron pipes inserted in it 8 inches diameter I 

thick, fitted together with tnrned joints and wrought-iro 
oUara, and fitted with screws ; the whole to be flush msida 
nd ont. His price for boring in chalk with a 7J inch atiger, 
t the bottom of the 10^ inch bore, was 27s, a foot; no 
ipe to be inserted in this boring. He, however, offered for | 
Of. 2ti. per foot estra to insert a perforated copper pipe, 
weighing G lbs. per foot in the chalk boring. 

The artesian borings through the ganlt at Cambridge are 
lanally 180 to 150 feet deep, and cost from £15 to £20. 



The price paid at Liverpool for a G inch 

I Green Lane well, which is 185 feet dee 



a the bottom J 



yard for tho first 30 yarJa. 
„ „ BOCOtld <> 

„ „ third „ 

„ „ fourth „ 



fifth 



The following are some tenders recently made for b 
hrongh chalk at Guildford, where the chalk is very near Lh«l 
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1 the case of the CroasneBs well, the following are tenders for 
ting of 17 inches diBinotor, or nn nearly of this diameter 
he strata will admit of, tho boring to commence at the 
hOf aa existing 18 inch bore, at the depth of 720 feet 
V surface : — Mr. Clarke, of Gray's Inn Square, London, 
isd to bora the first 25 feet below 720 feet at £7 per foot, 
fecond 25 feet at £7 5s. per foot, and so on increasing 
)er foot at each 25 feet of depth. Messrs. Docwra and 
( of Balls Pond Road, Islington, tendered for boring from 
Jepth of 720 feet below surface at £6 a foot for the first 
Bet, £6 B*. per foot for the second 20 feet, and ^£0 10s. 
he third, and so oa increasing at the rate of 5s. per foot 
lach 20 feet. 

he following were the tenders of the same two finas for 
best wroaght-iron brazed and collared pipes with steel 
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be deepest borings in tho world are probably, that mnde 
be Abattoir of Grenelle in Paris, 1,800 feet, and one made 
B feet deep throngh the new red sandstone at Kisaangen, 



ABTBaUN WELL3. 

■ boring &t Orenello passed tliroiigb 148 foet of 
stnttn, 1,S01 foot of chalk, and 256 Teet of green sand 
gault. lU cost, according to Mr. Prestwieh, 'n 
but tUis iuelQdes somo extraordinary expenaeB, Bucli is dool 
B0(3 of tubes and the cons traction 3 over the well. Ths 
tract for the first 1,S12 feet was £4,000 ; and M. Mnlot, 
onginoer, fltutca that the whole work could now be exMOt 
for £10,000. 

Thin boring w&b commenaed in 1835, to snpplywithvil 
the Abattoir of Grenelle. The auger penetrated the wati 
bearing stratum in February, 1841, when the water raal 
up with great force, and overdowed the surface of the giou 
The boring was commenced with a diameter of SO inches, I 
gradually dimluiBhed, tilt at the depth of 576 feet it was o 
12 inches. Wrought iron tubes were first used to prevent 
bore choking up with sand, but these have bees replaced 
copper tubes. The tubes commence with a diameter of 
inches, which gradually diminishes till the fifth tube, vl 
b 10 inches diameter at a depth of 1,148 feet, 
tube goes down to 1,345 feet, with a diameter of 8^ iii<!hM| 
a seventh to 1,771 feet, with a diameter of 6J inches, 
remaining part of the bore is not tubed. According to 
article in the CaiiKlitnliomiel, 4th of March, 1841, the yield 
the well was 880,887 galloaa in 24 hours. The water 
to have risen at first to a height of 65 feet above the snrfow 
but this statement appears donbtfnl. The temperatoxe uf thi 
water, according to Sir John Bobiaon, in 1843, woa 83( 
Fahr. ; that of the water in the United Mines, in Cornwall 
which are l,770feet deep, being 92° Fahr. ; and tho highe! 
recorded temperature of water in those mines being 96°. 

The boring at Kissengen, in Bavaria, 1,878 feat deep i 
now red sandstone, is said to have cost £6,668. Tl 
expense of aeveral borings in chalk of about 1,000 feet det 
aeems to have been about £3,000 ; but there are sever 
instances of much cheaper work. For instance, Mr. Pree 
wich fltatea tbiit M. Degouzce has lately much reduced tl 



I of boring by the asc of etesaa power, tai hy (he 
jlioQ of new machiuerjr. He has lately coutraet^d 
I an artesian well at Rouen to the depth of 1,060 
tough the tower cretaceous and oolitic rocks, indnd- 
lenses of every descriptioo. M. Dcgoazee has aha 
Aed three artesian wells in different parts of FraDca, 
Verage depth of about 835 feet, at a cost, iDcInding 
|Dd all expenses, of £C00 to £1,000. Shallower 
down to 600 feet have been made in France, at » 
lying from 5s. to 20*. per foot, while one of 666 feet, 
^ green Baud and gault, coat £1,216. Messrs. Do- 
■ud Lanrent, of Purls, undertake to bore to the depth 
;£nglish feet for about £120, and to go 1,000 feet 
r £600. 

BOKISG MACHJKEKY, 

nethod sometimes ased on the Continent of boring by 
Vt a rope in place of a boring-rod, was well described 
Fobard in his report on the Paiis Bshibltion of 1840. 
lerforating hard rock, a boring head, termed the mouton 
,iB used. This is a cylinder of cast-iron, commonly 
Liuches in diameter and 39 inches in length, weighing 
1(6 to three cwt. The npper part of the cylinder is 
^ in a conical form, and the sides are fluted so as to 
|ia broken debiia of the rotk to pass up and lodge in 
low conical top. The moiiton is attached to the rope 
tDS of wrought-Iron handles, whiuh are double, in case 
mold break. The lower part of the moiiton is pro- 
to receive a number of blunt-pointed steel chisels, 
are firmly secured to it. There are several ways of 
motion to the rope which works the nwiilon. One of 
] by means of a long plank, placed obliquely about 12 
set above the bore hole. The moiiton is suspended 
15 or 20 inches from the bottom, and is made to fall 
1 B height of 2 to 3 feet about 2Q to SO times in 
The dust or powder rcsultiug froift the cnUiuft 
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Bctiiin of the steel chisels would soon, if not mcnstai 
iinpetlo tint action of the tool hy deadening the blows, 
therefore, no wuler be naturally presout, it muet be EDp|iIi 
and then the sort of liquid mud thus formed rises or sjx 
up tbrongh the fluted openings iu the monton, and eiit«ra 
hollow cone at the top. When it is observed by the in 
men at the sorface that the tool has gone down snfEoio 
to fill the cone the mouUm is withdrawn, and is thenfi 
to bo filled commouly with a hard conical mass, ths n 
of several hours' working. 

The Chinese are said to have bored sucoeasfullj wth 
m-niton alone to the depth of 1,800 feot. This is qoite] 
sible, if the strata be hard and Eolid throughout ; but if i 
consist of Rand, gravel, wet clay, or of sueh materii 
leqiiires tubing, the moulon is not apphcable alone, but 
quires to be replaced by what the French call the nnp 
}Aee«, or shell pump, as it has since been termed iu Engl 
The emporU-piece is a cylinder fitted at its base with 
ooranion I) valvoB, turning on the diameter as a hinge, 
opening upwards. This cylinder is lowered down to 
bottom, and caused to penetrate by a blow from the ok 
or ram before described, and which when thus employ! 
of course without its cutting chisels, and is merely a Ik 
cast-iron cylinder, weighing about three cwt. The 
having an opening through it longitudinally, slides < 
metallic rod attached to the emjiorte-piece, ^VheQ it 
gone up a few feet, it is stopped by a projection, and 
falls down on the emporte-piiCB ; which latter sinks i 
at every blow, and at the same time allows the eemi 
mud to rise np through its valves. When drawn up 
space above the valves is found to be filled with a cylint 
lump of mud, more or less indurated. 

In the strata which require tubing, it is of course neoei 
that the boring tool which passes through the tube shon 
capable of malting a hole larger than the external diamol 
ibe tube itself. The form of moulnn employed in Franc 
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BiposB ia called the alkzoir or inetriunonl. for onlarging, 
s oantrivauce ia snfficie&tly uigenioaB. Instead of tUe 
I being sasponded from the rope in a truly centinl axis, 
aspended aomewhat ou one Bide of the centre, BO that 
g lowered the ateel cnttera or chisels strike obliqnely, 
s excavate a hole of larger diameter than the moiiton 
This mouton, when employed to act through tubing, 
conical receptacle for the mud, like the one first de* 
are several minute points to be attended to 
rking with these boring tools, such as the degree of 
1 to be given to the rope, and the proper time for 
s; np the mouton, so tliat ita working be not too much 
d by friction. These are points which the workmen 
>n. enabled to master after a little practice. This 
A of boring is much used in France, Basony, and other 
f the Continent. The moutons are not expensive, one 
e cwt. costing only about £2. They can be made and 
id by the ordinary village blacksmith. 
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arrangement which has just boon described has bee 
rhat modified by Messrs. Mather and Piatt, of Salford 
Works, Manchester, The boring head employed by 
Doneists of a wronght-iron bar, about 8 feet loug, 
ret part of which is fitted a block of cast-iron in which 
sbIs or cutters are firmly fixed. There is no coi 
other contrivaooo in this boring-head for oontai: 
the loosened matter, as in the French machines ; 
'ttie boring-head has boen in action for some time, and 
liselB have loosened and broken up a certain quantity 
ris, the boring-head is raised, and another contrivance, 
the shell pump, is lowered, in order to raise the debris, 
ivention of Messrs. Mather and Piatt, therefore, < 
flfientially of two parts, the boring-head and the shell | 
BometimeB caiied the sludge pump, both of these bei: 
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put in action by the power of eteam. One great ndfl! 
in Moflsrs. Mather and Piatt's machinery is the rapidity m 
which it esecates the work. The makers state that ti 
machine is capable of L>oring in chalk at the rate of 18 in 
per hour. At this rate the macbioo will execnte a boringfl 
IS inches diameter at the depth of 1,000 feet. The; il 
atate that in the red sandstone rock of Cheshire, LacenBJ 
and the adjacent coanttos, they can bore at the laie a. 
inches an hour. This result has, in fact, bees 
exceeded, by an experimental trial of the boring n 
which has receutly been made at the Saiford Iron ^ 
Manchester. The machine there executed a bore hole of u 
inches to the depth of 212 feet in 141 hours, princiiislfl 
through hard sandstones and grit stones, such as nrcqnanill 
at Chester for grindstones. This was at the rate of ISindU 
pur hour, under the obvious disadvantage of working osf 
iiD hour or two each day. Had the mathine worked Ml 
linnonsly, its performance would doubtless have been ma 
greater. Messrs. Mather and Flatt announce the capacity) 
the machine to form artesian and other wells ap to 8 leetl 
diameter, through strata of the hardest description, and I 
a depth of 8,000 feet if required. 

TEHPEEATUBB OF WELLS. 

Land springs, according to Mr. Braithwaite, have usnal 
a temperature of 52°, and water in wells 600 feet deep 
usually 62° or 68°. Ho has understood that the temper 
ture increases 1° for every 65 feet after a certain depth. 

The water in the artesian well at Grenelle, 1,791 feet dec 
has a temperature of 82° or 82^° Fahr. (Sir John Bohins 
and Sir WUIiam Cubitt). 

The highest temperature recorded in the United Minos 
Oomwall, which are 1,770 feet deep, was 96° Fahr. {l 
Taylor). 

The temperature is not invariable in mines even-^l 
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|spt,h ; for inBtBuce, Mr. Fox found in liia osperimenla 
tt of 7th meetmg of Britiah Association) that at the 
n 1,740 feet, where the lode was first reached in the 
Hit, ihe temperature of tbG water was 92°; but on 
Hiug along the same crosH cnt at 10 fathoms from ths 
b temperatnre decreased to 8G°-3, and at 24 fathoms 
Mtwas 85°-S. Mr. Fox's cxperiiaonts show an increase 
■ temperature in 48 feet calculated Irom the surfaae. 
Uieat of the water is nndonbtedl; inflaeocod by the 
fas the mines in North Wales, althongb about the 
B{ith as those of Cornwall, are much colder. 
psking observations on tbe temperature of wells it is 
snt to observe the depth at which the water really 
bom the spring, because it wU! of course be affected 
■tng with other water in the well or boring ; and if 
Sjg some time in the well, the sides will exercise a 
Pinflnence. Mr. Clarke, the experienced wcll-sinkor 
nnham, says he found water taken from the bottom 
M540 feet deep, at St. Alban'a, was 4° warmer than 
pjoh was commonly pumped from the same well. Ho 
kid the water from the bottom of Barclays brewery 
^7 feet deep, is 3° warmer than at the usual water- 
p the same well. 

ti causes sometimes influence the temperature of 
1^ which are occasionally found warmer at the surface 
f.ft greater depth. 




( at Messrt. Mciix's Brenery.- — This well is situated at 
^eshoe Brewery, at the corner of Tottenham Court 
^d Oxford Street, where the ground is about 70 feet 
Ordnance datum. The sinking of this well commences 
!2J feet below the surface of the ground, which 
t' called on the plans of the brewery the " floor-line 



w 




^^F The followmg IB a tabalar statement showing d 


f work of which this well oonaiet* : — ^ 
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o 




Floor-line of rc^ons 22} feet below mz&oa. 




brick shaft. 


^^m *° 


Bottom of brick ahafl, lined with brickaroik hi 


^^^1 


of half a brick oacIl ' 


^^H M 


Bottom of ahaft widening out from 7 fbet b 


^^^v 


dear, also lined with 9 inch brickwork. 


^^B DO 






within the brick fihaft 6 feet above the bttse^ 
Top of inner iron cylinder 6 feet in dianietOT. 


^^K 66 


^^H 101 




lined with B inoh hriekwock. 


^^B 13S 


Botlom of B feet cylinder. 


^^B l4i 


Bottom of 6 feet inner cylinder (the top part o 


^^^B 


about 139 foot 1ms been removed so that oo^ 
feet are left). 
Base of canicsl excavation in the chalk eprea 


^^K 164j 




feet diameter at bottom. 


^B 164} 


Excavation oontmcta to 9 feet diameter. 


^H m 




^^B 173} 


Bottom of D feet excavation, which ia thm. 




B feet diameter. 
8 inch bore commences— top of B inch pipe. 
Bottom of excavation 8 feet in diameter. ' 


^^V 17S 


^^H IBS 


^^m 343 


Bottom of 8 inch bore in hard grey chalk. 


^^H Tho following are particalarnt of the strata paa 


^^^^in Biokifig this well, the depth to the bottom of 


^^^vlwing given in each case : — 
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n 


^^B 




^^H 


above the blue clay cooaiats of nrndo gm 


^^H 


gravel, Sec. 


^^B ** 


BluG cUy. 


^H 40} 


Black saiid, rather wet. 


^^H 64 


Jointy blue day. 


^H 54^ 


Black sand. 


^B S9i 


Jointj- clay with sandy joints, clny Etone, 


K. 


(f septari*). 
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61 Hard jointy clay. 

63 Hard blue clay. 

68J Brown red clay with light blue joints. 

72 Light blue clay with stones. 

f3 Blue sand. 

73J Hard red clay. 

74J Dark brown clay. 

76 Ditto mixed with blue. 

77 J Dark yellow clay, rather soft. 

79 J Dark red clay with sandy joints or partings. 

80 Blue sand. 

81 J Yellow clay with blue joints 

84f Dark brown clay with blue joints. 

85J Dark brown shelly day. 

88 Dark blue clay. 

90 Light blue clay. 

91 J Black clay with sulphur, very shelly. 

92 Black sheUy clay. 

95 Mixed yellow, white, and red clay. 

96J Clay mottled with large patches of red and whit^*, 

98 Hard pink clay mottled red and white. 

99 J Clay mottled with red and brown, and with blue joint?. 

XOl J Mottled red and white clay. 

104 J Dark brown clay. 

109 Dark brown clay mixed with blue. 

Ill Dark blue jointy clay 

113 Hard black sand. 

115 Bed clay and sand. 

'■ 185 SMid. 

136 Gravel. 

137 Black flints on top of chalk. 
292 White chalk and flints. 

|« 300} Heurd sand rock, 

j 823 Hard grey chalk. 

331 Hard sand rock. 

338 Hard grey chalk. 

338 Hard sand rock parting. 

343 Hard grey chalk with a sand parting at 340^ feet. 



I 



Water 'l4!vel8. — The original water-lovel some years previona 
to 1848 is marked on the section about 98 feet below suiface 



"9 

ifi date of ibe^R 
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of groDcd. TLs n-aUr-le^'el in 1843. tbe d 
is marked at 115 feet b«law snrface. 

The present ordinary level of the crater is aboQt 198 
below surface of groimd. When the pnmps were BtOf 
for Bome days Gve years ago the water rose 6 feet above 
level, bat has never since been so high. 

At the level of 209 feet from the anrfuce several aditB, a) 
&i feet high by 4J feet wide, have been driven is van 
direeUons. The entire length of these adits is about 
feet, and as the water standB above the roof of the adits, tl 
ore oonReqaently alwaj's fiill of water, and form a reeen 
of eonGidemble capacity. A large ^nanttt; of water wis j 
with in driving the adits. 

The occnrrence of water in the bore holes botow the si 
sinking is rather nncortun ; neverthelesB, water was noti 
at the following depths in sinking the bore hole, namely, at ! 
feet from floor-line, or 237J feet below lorface of ground 

Also st 2QS feet beloir floor-line. 

SOdi I, ., „ in tiard ssnil parting. 

3281 .. " .. 



3401 ,. 



it parti^^l 



On one occasion, seven years ago, when the pumps botl 
thiabreweryandat that of Combe, Delafield, and Co. had 1 
idle for some days, the water stood at 173 feet below 
Borface of gronnd. 

The well hus a dnplicate set of pumpE, each set conds' 
of three similar pnmpa. These are each 6 j inches in diamt 
\vith an IS inch strobe. During the houra of workmg ( 
one set of pamps is employed, the other being only nsO' 
case of accident to the first set. 

The barrels of the pamps nsnally worked are about 
foct bolow the floor-level, or 187 feet below snrface 
groimd. The other set of three pnmpa have their bu 
about 8 hot below those o( th.a &i«,l aet. ^H 
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The suction-pipe from each set of pumps is 5 inches in 
diameter, and reaches to about 188 feet below the floor-line, 
or 21*0 feet below surface of ground. Thus they are 10 or 
12 feet below the ordinary surface of water, even when the 
pnmping is going on. 

The three working pumps are capable of raising per hour 
about 250 barrels of 86 gallons, or about 9,000 gallons an 
I liour. It must not be supposed, however, that this rate of 
Working is continued during the whole 24 hours. In point 
of fact, during the four days of the week, from Monday to 
Ihursday inclusive, the pumps only work about 7 hours out 
of the 24. On Friday and Sunday they do not work at 
till, and on Saturday only about 5 hours. Hence the whole 
"Work of the week is : — 

Hours. 
From Monday to Thursday 28 

On Saturday 6 

33 

and 33 x 9000 = 297,000 gallons per week ; so that the 
average for each day throughout the year may be taken at 
»g?<>op =42,430 gallons per day. 

Messrs, Courage and Donaldson's Well, at the Anchor 

Brewery, Horsleydown. 

This well consists of a shaft 6 feet in diameter and 100 
feet deep, with a boring in the bottom 350 feet deep below 
the bottom of the shaft. The shaft consists, at the top, of 
an iron cylinder 35 feet in length, resting on a brick shaft 
65 feet deep and one brick thick. 

The following strata were passed through : — 

Depth from 
surfEice. Thickness. 

Feet. Feet. 

82 Gravel and sand and made ground . . • • . 32 

82 Blue clay 60 

97 Coloured clay 15 

112 Bock sand 15 

126J Fossil sand \^\ 
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IWlrtli f mm 

yort. ' in: 

liuj Groan land and pobblea UJ 

Ibo Sand with springs UJ 

!fi9 Ohalk with flints lOi 

!iO Chalk 91 

The bore liole is lined with an iron tube ISiDches 
metor at tup, thon diminishing to 12, and afterwards ta9 ' 
inches. The tup of the 18 inch pipe etauds 8 feet abon 
the bottom of the shaft, or 92 feet from the surface of tb 
ground. The 18 inch pipe is abont 60 feet in length. 
12 inch pipe is let down inside the 18 inch, and goes fin 
the top of this. The total length of the 12 inch pipe ii 
about 65 feet. Then begias the smallest, or 6 inch pft 
The water now overflows the top of the 18 inch pipe, 
stands 9 or lU feet above the bottom of the sLa^, or 90 
from the Burftice of ground. 

The manager cituuot speak to any decrease in the level D 
the water, but holieves that in the absence of pumping i 
would stand about 15 feet hij^her. 

The well has two sets of pumps, placed between GO and 71 
feet in depth. The suction'pipe draws from the bore h 
Eotih Eet of pumps will throw about 120 gallons a min&ta 
or 7,200 gallons an hour. 

One sot of pumps will work at this rate for 48 hours wifll' 
out materially decreasing the water-level, and the pumps i 
habitually work 8 or 10 hours a day for 6 days in the week. 

This weU was sunk in 1859 or 1860 by Messrs. Eastoi 
and Amos, of the Grove, Soiitbwark; and they employe! 
Mr. Tilloy, of Edmonton, as their sub -con tractor. 



H'cll nl Bow Bremery. 

Tho site of the brewery is close to the Leo navigat 
about 12 feet below level of Bow church. 
Tho ebaft hero is about liO fcet, ^iWa » boring i 



itianj 
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bottom 180 feet below this, making the total depth abi 
300 feet. The top of the ahail is formed by an iron cylinder 
aboat 12 feet diameter and 20 feet deep. To thin succeeds 
a brick shaft 8 feet diameter. The boring in the bottom is 
7-^ inches diameter. The depth to the pump-barreU about 
50 feet ; level of water, 60 or 70 feet below aartaco. The 
pninpa work 14 or 16 hoars o day. 

The present proprietors of the brewery had only been in- 
poBseHsion a few months, and were not in possession of any 
reliable information as to the strata passed through, nor could. 
I learn with any accuracy the quantity of water daily pumped* 
Xlio water is slightly tinged with a milky colour when first 
pumped, but becomes perfectly elear after standing in the 
backs. It is used for al! purposes, both for brewing and refri- 
gerating ; and is said to be well adapted for pale or bittor 
ale, which was made at this brewery some years ago. 

Well at Messrs. WeWs Mineral Water Worh, Islimjton 
Green, 

I>evel of ground, 105 feet above ordnance datum. 

This is a boring 225 feet deep into the chalk. The shaft or 
well ia only about 20 feet deep, and the boring in the bottom 
is 9 inches diameter for the first 100 feet. This is lined 
with a eaat-iron tube, and then succeeds a 6 inch boring 
lined with a wronsht-iron tube. 

The followiitg are the strata passed through : — 

Biirru^.'" ThickDew. 

12 Sand and gravel 

60 Blue clay 

130 Mottlad clay 

l-tO Light Band with shells 

147 Durk blue day 

1Q5 Dark sand and pe1]bleB 

175 Green sand and oside of iron 

178 Black sand and Bhella 

181 Flinta 

225 Chiilk and flhita ■ 



1 
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There being no shaft in this case, the pump-burol, 1. 
inches diameter, is aimply placed in the 6 iiiuh bore pipBi II 
a depth of aboat 180 feet I'rom the aurfaoe of ground, lit 
water stands, however, at a much higher level than this; 
namely, at about 165 feet; and formerly rose to mlioi 
95 feet. 

On the sinking of the neighbouring deep wel] at Uie PeQtoil< 
\ille Model Prison some years ago, the level of water in 111 
borehole sunk about 15 feet ; bat the spirited proprietors^ 
HUnk his bore hole 100 feet deeper, and obtained a plen 
supply, which now never sinks below 165 feet. The pt 
barrel contains ahout 1 gallon, and will deliver at the raia qj 
SO gallons a minute, but tile usual rate of pumping is b 
460 to 600 gallons an hour; and if this were continue^ 
during the 24 hours, it ia aaid no diminution of level w 



Independently of the interest presented by this boring U 
the chalk, the mineral works of Mr. Webb are well vi 

a, visit. The processes of decomposing the chalk by ■■ 
phuric acid, storing the carbonic acid which is driven al 
saturating the spring water with carbonate of at 
tnls, and then impregnating the water with the carhonia M 

B to form a real solution of bicarbonate of si 
extremely weU worthy of observation. Not less 

.ns taken to avoid all contact both of tho gas andw 
with metallic Barfaces, and the consequent use of slate |j 
earthenware pipes, and even iu some cases of silvt 

pipos. Mr. Webb deserves all the prosperity ho 8 
achieved for the cars and ingenuity bestowed • 
department of his worka. 



The Wdl at Tmjahjar S'luure. 

The site of this well ia 375 foet above aea-level. 
B 384 feet deep, and consista of an open abaft s 
depth of 148 foot, with a \)OTo\io\e m ilic bottom || 
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ieptb, mftMiig a total of 384 feet below the ground I 
following strata were penetrated : — 

St.' 

15 Mode earth 13 

81 &iiid and gravol 16 

London clay 138 

iottlod clay 'IS') 



z 



le water now etands about 108 feet below the suriai. 
3 grocmi, and according to Mr. Beardmore, yields 6 
feet per minute, or more tban 580,000 gallons in 2 



Well at the Bank of England. 

te bore hole here reaches to 307 feet below the anrfiico \ 
be ground, the depth to the chalk being 207 feet. 
3 water on the Ist of January, 1852, stood at 61 feet m 

« Trinity higu-water mark, and oa the let of January, I 
9, at 74 feet, showing a diminution of the water-level I 

1 to 13 feet during the last 17 years. In January of 'i 
!t year the water usually stands 10 feet higher than m f 
[ast, when the level is iower than at any other part of 1 



tU at the Royal Horticultural Gardens, South Kensington 

Ibis well is 401 feet deep, and consists of an open shaft 1 
feet deep, with a boring carried down to a further doptii ' 
rS feet. 



rrsB" 



The {oIlowiBg stnU were passed through :- 



IS tUdBmilli 

M Gn*al utd lown, conUining a. litUe water 

fSS London daj- , 

180 Uonl«lckr t!'l ^1 

IDS rehbla u)d nmd 12 ^g|; 

Sit Oi«en suid 2u 

SIS Banning grey t&ai ........ 4 

S17 Flint 1 

401 Owlk SI 

Total. . . iOl 

Tho water now stands abont 109 feet below the snrfjM? 
or 12!) feet above the bnae of the London clay. 

This wfU was exccntuJ by Messrs, Eaa' on and Amos, who I 
nndurtook to rink it to a depth of 400 ft-tt for a stipDlsleil I 
price, and also gnaranteed a supply of water equal toT5 I 
gallons a minute, or about 108,000 in 24 hours. Not onlj I 
is this quantity available, but it is said the well is capable qI I 
yiolJing a million gallons a day if larger pumps and a mot'! | 
powerful engine were employed. 



WM at Guy I Hospital. 

This well is 298} feet deep. It consists of a shaft 9 
in depth and 8 feet in diameter, lined with 9 inch brickwott. 
The shaft is then reduced to 4J feet in diameter, the first US 1 
feet in depth being lined with 5 cast-iron cylinders, eafib 5 ) 
leet in length. Below the iron cylinders the ehaft i; 
Bame diameter, namely, 4^ feet in the clear, and is lined with ' 
4| inch briuhwork. A 12 inch bore-pipe extends from the 
bottom of tho well to a depth of 208^ feet below the sutfiice, 
and is continued upwards to within 60 feet of the suriuce. 

Tie following are tho strata passeil through : — ^_ 
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Depth ftTpm 

Feet. Feet. 

( 8 Superflaial or nmde earth S 

^ 10 Yellow clay 2 

° ' 11 Black loB,m 1 

§ 14 Peat 3 

"" [ 33 Qrarel 19 

^"° I 86 Blue clay 63 

1 IB MotUed clay 22 

122 Dark bine clay 4 

Total .... 123 

Well at Messrs. Whithread's Brewery in CMawell Street, 
near Finahury Square. 

^tbfrom 

Eagins-houBe floor. 
18 Botlom of briclc abs-tt 12 feet diameter in tho clear, and ubont 

3 feet in thickness. 
il2 Top of iron cylinder 9 feet diametar. 
'M Bottom of ditto, and top o! brick abaft 8 fpot in ihe dear, lined 

with iron, 
|S3 Bottom of brick shaft 8 feet in diameter, imd one Lrick ii 

thicknoBS. 
iU Top of iron cylinder 7 feet diameter, standing 3 feet aliova 

bottom of brick shatlt. 
Ij8 Bottom of iron cylinder. 
|tf Top of inner iron cylinder G feet diameter, tbie being 25 feet 
above bottom of oaler iron cylinder. 
IS Bottom of 5 fetL lylindec at top of cbalk. 
13 Top of 13 incb pipe, being 20 feet above bottom of B feet ir 

cylinder. 
IB Bed of 12 inch bors-hole in the chalk. 

Jtriila passed through -.-^ 

Jtbinim _ . 

(rbire. TUckntwi, 

"»«t. feet. 

18 Made ground and clay 13 

27 Gravel and UtOe water 9 

68 Blue cbiy .35 

B2 Colonred clay, very sandy 20 

92 Black and green sand and sbella 10 
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Depth from 
BurfEice. Thicknes* 

Feet. Feet. 

Ill Grey sand « . . 19 

129 Sandy, coloured clay 18 

139 Green sand 10 

151 Green sand, stones and pebbles 12 

183 Sand 32 

283 Chalk 100 

Chalk continues. 283 

The water in this well, from observations made in 1866, 
stood at about 182 feet below the surface. This was on 
Monday morning, when the pumps had been out of action for 
18 hours. The usual water-level now is from 170 to 174 
feet below surface, but the water would nse to 162 if the 
pumping were discontinued. 

There are two sets of pumps, both fixed in the 5 feet iron 
cylinder. One set consists of 8 barrels at a depth of aboal 
160 feet, with a long suction-pipe which reaches to 173 feet 
in the bore-hole ; the other is a single barrel-pump, fixed ai 
171 feet, with a shorter suction-pipe. 

Messrs. Whitbread have another well situate very close to 
this, and very similar in all respects. 

The pumps in one well throw 3,780 gallons an hour, and 
in the other 8,456, making a total of 7,236 gallons. The 
pumps work on the average 20 hours a day during 6 days 
a week, so that the quantity pumped is about 868,320 
gallons, or 144,720 on each working day. 

An analysis of the water was made in 1866 by Mr. 
Houghton Gill, of University College. In this analysis only 
1-53 grains of lime are reported in a gallon of water. The 
gallon also contained '77 grains of silica, 1*04 grains of 
magnesia, and 17*88 grains of soda. The acids are given 
separately, namely — chlorine, 6*25 grains ; sulphuric acid, 
7*91 ; and carbonic acid, 6.90. 

Combining these acids with the alkaline earths in the usual 
manner, tho analysis will thus stand : — 
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Grains 
per gallon. 

Carbonate of lime 2'73 

„ magnesia 2*17 

„ soda 11*01 

Sulphate of soda 13*91 

Chloride of sodium 11*69 

SiUca -77 

Organic matter *98 

43*26 

Hardness of the water by Dr. Clftrke's test . 2*26 
„ „ „ after boiling two hours '15 

pears from the comparative softness of this water, 
as from the analysis, that this can by no means be 
•ed a chalk water. It is evidently derived, in a great 
I, from the sands above the chalk. The quantity of 
of sodinm (common salt) is remarkable ; bat in this 
as well as in the large quantity of sodium, the ana- 
)sely resembles that af numerous deep wells in the 

•s. Whitbread very kindly allowed me access to an 
t section of this well, made in 1866 by Messrs. B* 
id and Son, of Old Street Eoad. 



II at the Lion Brewery, Belvedere Road, Lambeth, 

WQ.8 formerly the brewery of Messrs. Goding, but now 
to a company, 
following statement shows the construction of this 



iurface of ground, being about the level of Trinity high water 
mark, or 12J feet above Ordnance datum. Top of iron 
cylinder 6 feet diameter. 

k)ttom of iron cylinder and top of brick shaft 6 feet diameter 
and one brick thick. 
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Feet. " 




150 BoMmn of 6 feet brick shaft 


llfi Top of old 6 inr3x tore pipe. 
132 Top of new 12 iach pipe. 
308 Bottom of Q mchpipa. 


408 Bottom of 12 inch pipe. 


The following are the atrata passed throngh : — 


Few. 

2i 
331 
1311 
172J 
1824 


TtdnHA 

Modo ground U 

Sand 10 


Shingle ^ 


Blue clay W 


VatiouB-EoUmre'l day . 41 


Pebblos, with wutor 10 


ia*| 


Green sand, no water li 


2141 
408 


SiiTid, main spiinga . . . « . « « . , . £0 


Chalk im 




m 


This 1 


ve\l was sunk in 1837, when the water-level m( 


about 40 feet below the surface. It is bow about 86 fwl 


below the surface. 


There 


are 2 sets of pumps in this well, 3 in eath Bet 


Tboy ar 


of the same capacity ae in several of the othe 


largo breweries, each set throwiDg about 200 barrels ai 



hour, and as each barrel contains 36 gallons, this is eqtis 
to 7,200 gallons an hour. No deficiency of water com 
plained of. 

The average qoantJty of water pnmped from this well i 
about 72,000 gallons a day. After 12 hours' pumping Ui 
nator-level is reduced about 10 or 12 feet. The well m 
erected in 1837 at a cost of about il,200. The oontractoi 
were Messrs. Baker of Southwark Bridge Eoad. (Informatio 
furnished by Mr. T. J. Thompson, secretary to the Lio 
Kii-wery Company, lAmitedy 
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Messrs. Reid't Well at Ltquorpond Street. 

B well is 222 feet 5 inehea deep from surface of gi-oand 

torn of well. 

I following strata were passed through : — 

ee. Thle)aieF«. 

t. Fubt. 

7 Uade grounl . 7 

e GravBl 9 

8 Tellow clay 2 

8 Iiondon clay 40 

a Clay and sand (Woolwich) 44 

6 Sand (Thmiet) 64 

2-3 Chalk 66'6 

222-5 

trials were recently made of the height at which tho 
stands with the foUowing results :— Sept. 28, 1869. 
an entire ceesation of pumping during 8i hours the 
stood 33 feet deep in the well, or 169' 5 feet below aur- 

f ground. Sept. 24, 1869. After cessation of pumping 

1 24 houia the water stood 17i feet deep in the well, 
Ji feet below surface of ground. The latter depth is 
lonstont, and the one nsually allowed to accumulate. 



^i& so 



Well at EcnsiiKjton Gardens. 



for snppljTng the Serpentine when the Bayawatei 
:, owing to the admixture of sewage, became too offeu- 
'\i the purpose. 

8 well ia 321 feet in depth, and the water rises to within 
.et of the Horfiice. For 203 feet in depth the well is 6 
S diameter, lined with the following thicknesses of 
(Fork: — 
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The renminder of the well is lined with iruii cylindoB 
4 feel 6 inches in diameter. These cylinderB are continusd 
inside the Btoimng to ^rithin 173 feet of tlie sarf»ae. 

Dopth ftom 
■iirfBov ThioknsBS. 

123 Mude ground find London cUy . . . 1^2 \ W 

1!7 BhoUsandiKuul sjl.S. 

137 Mottlodclay 10)^1 

HI Sand and pebbles 4 i 

HS Mottled claj, groen-colourcd Band, and 3 

pebbles *l|i 

149 Greon-eolourod sand and pebbles . . * | ? b 

1G2 GrGcD-colonrud eoiii 3 

IQe Oroyaand u) 

lee^ Layer ol flinU i 

2081 Chalk 102 



Amivell Hill Well, i 



Hortfoidskir, 



I 



This well is Bunk entirely in the chalk, the entire depth of 
■well and boring being 161 feet. The shaft is lined with 
S'inch brickwork for a depth of 84 feet from the surfacei 
then Hucceods a Ehaft 10 feet diameter, withoat any lining' 
From thia shaft headings are driven 6 feet high, and i kcl 
C inchee wide. In the centre of the shaft is a 2 feet bote, 
which at some depth ia reduced to 9 inchea. This well a 
said by Mr. Mylne, in his evidence on the Metropolis "Watfll 
bujiply, 1852, to yield 2,i66,000 gallons a day. ^^ 
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Cheshunt Well of the New River Company, — London clay 

formaXion, 

The entire depth of well and boring is 171 feet. 
The following is the construction : — 

Depth. 
Feet 

Shaft 11^ feet diameter, lined with 14 inch brickwork . 12 
Shaft 9 feet diameter, lined with 9 inch brickwork . . 44 
Cast-iron cylinders 8 feet in diameter, carried up to 
within 15 feet of the surface, making depth of cylin- 
ders 90 feet 49 

Gast-iron cylinders 6 feet 10 inches in diameter, rising 

35 feet within 8 feet cylindei's, equal in depth to 

36 feet 1 

Bottom of cast-iron cylinders 6 feet in diameter and 13 

feet below that of 8 feet 12 

Brick steining, forming foundation for 6 feet cylinders . 7 

Bottom of cone 12^ feet diameter at base 19 

Headings are driven at this level 7 feet high and 

4J feet wide. 

Bore-hole 3 inches diameter 27 

Total ... 171 
The following strata were passed through : — 

Depth below 

Burface. Thickness. 

Feet. Feet. 

1| Superficial earth . • 1^ 

^ Gravel 8 

^ °^ I 544 Blue clay 45 

56J Yellow day 2n Reading 

68J White sand 12jandThanet 

107J Dark-coloured sand 39* Series. 

171 Chalk 63^ 

Total ... 171 
This well is said to yield 702,000 gallons a day. 

Sir Henry Meux's Well at Cheshunt. 

This well is 71 feet deep, with borings in the bottom 
extending to a depth of 202^ feet irom the surface. 
The actual shaft of 71 feet in depth is lined with 4^^ inch 



I brickwork. Tbe remainiDg 181^ feet consiat of a bore-^ 
ming at 7 and then reduced to 4 inahes. 
The following strata were patised throagh :^ 

Depth lidow 

5 Gravsl S 

04 Blaeckj 69 

7G Coloured cloy l3 

77 Dorli-colourEid sand 1 

82i Sand and poliblca ti 

BSJ Bright snnd t 

120^ Dark Bund Sj 

124^ FUnta and chullc 4 

20ai Chalk 78 

Totul . . . 2095 



Well a 



a-oi 



the cha 

Ieqaal ti 
a pipe c 
884i fe 



This well has been sunk to endeavour, if possible, to obtaiii 
a large supply of water for coadenBation of the steam proi 
duced by the large pumping enginea employed by the Malm- 
politan Board at Crossneas. The average quantity of waW 
required here for condenaation alone ia about 600 galloM 
per minute, or 864,000 gallons per day of 24 hours ; bat 
the Tuaximum required for that period would be doable to 
quantity. In addition, aboat 2,500 gallons per day wooll' 
be required for domestic purposee. 

In the construction of thia well a shaft, lined with iios 
cylinders, has been sunk to a depth of 81^ feet. In this 
18 inch bore-pipe has been inaertod, coramoncing at 50 fed 
below surface, and carried down to a depth of 166 feet belo* 
Burfiice, To thia succeeds an IS inch bore, without va^ 
lining, carried down throa^'l the tipper and white ehalk into 
the chalk marl, about 652t'>et, or to a depth below surfiioB 
equal to 718i feet. The bo..iig then diminiahea to 5 incLsB, 

pipe of this size eommencing at 785J feet, and extending to 
884i feet below surface. At 849 feet a 4 inch pipe i 
namely, 85^ feet above bottom of 5 inch pipe, 
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rried down 81 feet, namely, to 930 feet below Burfaco. H 


incli pipe commenceB at 909 feet below Eoxface, aod iff B 


id down 48 feet, or to 957 feet below surface. Below ■ 


is a 2^ inch pipe, whicb only extends about 4 feet, oT ^M 


total depth below surface of 9GI fact, wbcn the further H 


eoution of the work was stopped. ^M 


be following etrata have been encountered : — ^H 


^f^m ■ 


t&<». THcbxeH. ^M 


7«t. FeeL ^H 


1'2 Blaclo ground . 12 ^H 


13t Ailu^-iol deposit IJ ^M 


17 Light brown day SJ ^H 


20J Blue 8aty clay, wiUi veKctable matter 3J ^^ 


27 Peat, with temaina uC furoat triDS HJ 


H 


28i Dork BTcy saty ohy IJ 


■ 


30 Ftiut and clay in fbm laytrs trith. do 


1 1 


coyed wood IJ 


821 Dark grey Bilty clay 2J 


1 


'34^ Siltyeand . . 2 


■ 


83i Grey rectangulaT flint graTel (suQietimM 


1 


partakmg ct the ehanKter ul ran 


1 


ning Band), intemiiiiid vith iron 




pyrites and blno cKy 4'' 


^ 


BS Sand with flint and BhcllB, yery hard . 11^ 


lii 


69| Fine snnd, with flints, pehWea, and 


small shells 4} 


01 FinB gceen Band IJ 


11b 


03} Fine grey sand with smiJl flinU . . . 2 j 


"5 " p. 


I3i Fine dark Bind and flints 8| 


ill 


19 Fino iight Woolwich aand 36J 


Ui Sand atningly cemented by iron pyrites 5 


■ ^t- 


SS| Loam and pebbles Ij, 


S'S- 


fi6 liBy w of flints ......... i^d 


K Chalk with layers of ainls from 2ft. | ^ 


6in. to 6ft. apart J-IG g.^ 


12 Chalk mart with few flints . . . . 2UoJs.3 


U Sandy green marl 12 t^SI^' ^ 


Bl Gaultclay !« Gault. H 


J 
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The bore -holes of this well ehould evidentlyj 
mDclk larger capacity, and should not have I 
rapidly. At the depth now reached the I 
have been 10 or 12 inches diameter, ins1«ad o_ ^ 

The present bore-hole haa not penetrated than 
OF 70 feet. Below this depth the lower greeV 
probably be met with, no that, if [he boring wa 
another 100 feet, an abundant snpply of wateV 
hitbly have nsna in the boro-holc. I' 

h 
Will at llui Ciystal Palace. 

I 

This well is S^ feet in diameter, and ia sunk I 
245 feet. jl 

At this depth a boring was commenced, xai 
pipes 15 inches diameter. li 

At 160 feet from the surface several headingiu 
from 30 to 60 feet in length. These were od 
4 feet in height, but couaidcFably increased as l| 
ceeded. i 

At a depth of 269 feet the boring passed throt 
sand between two beds of plastio clay, and froj 
the water rose in the well to a height of 142 bn 
the hendiogs in eight hotirs. | 

The boring was continued through the lowertfl 
till it reached the chalk at 860 feet in depth, ad 
trated the chalk 190 feet, thus reaching a 4j| 
feet below surface. | 

It mugt be observed that the main supply jj 
this well is derived from the sand spring at % 
very little addition to this was gained by the ^ 
into the chalk. J 

The well was sunk in 1853-5, and no aooi| 

sand took piaue until this j'ear, when it was necaf 

out about 25 cubic yards, leaving still s 

—■which will require early removal. 
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Well at Cold Bath Fields. 



I 2l9 

r and SaiJti^| 

hrnnnli th* ™ 



time 



B well was sunt in 1866-7 by MeKSrs. Baker and Soi 
the Vieitiiig JustieeB of Middleses, The well 
1 a diameter of 6 feet 10 inuhes, being lined through the' 
rel and diluvial clay with five iron cyUndera of this 
iiet«r. Below this extends a shaft lined with 9 inch brick- 
It to a depth of 102 feet from surface. Iron cylinders 
Bt 2 inches in diameter were then inserted down to the 
Ik, which was reached at 132 feet from surface. The well 
then excavated to a diameter of 10 feet, and by the time 
aet of this size had been sunk, a supply of water 
oned eqnal to 150 gallons a minute, or about 216 
'»B in twenty-fom' hours. The water issued with great' 
I through the horizontal partings of the chalk. This 
jly was deemed by the Justices sufficient for their pur- 
I, othonviEe a much larger quantity eould doubtless have 
a obtained by sinking deeper. 

Welh of the Kmit WaterKorlis Company, 
Ihese wells afford fine examples of the supply dor 
ely from the chalk. Ono of tliese wells, sunk by Messni.B 
it and Sons, at Sbortlands, p^issed through about 6 feel 
gravel, and then nearly CO feet of Tbanet sand into thAn 

All the gravel and sand spring 
rented from entering, and after tbia a very copious 
ply was obtained from the chalk. 

Well at Walker's Breireri/, Lin 

"his IB a well Just completed by MesBrs. Baker and Bona, 
*rhich a large volume of water was found in the gravel 
rlying the chalk — about 180 gallons per minute. The 
Etink thronyh very variable strata down to the chalk, 
rhich a boring is made to the depth of 160 feet. 
!he water from the chalk rises in this well upwards 
I feet above the sprisg, and it is calculated the suppl 
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1 



of chalk -wnter alone vill be over 25,000 gallons 
Tho lirick Uuing of this well is formed of the beatlir 
bunit from the gaolt clay, and set in Romnn cemanl; 
Iho wlioto of iho well below the water-line is cased iiitli 



Well at th« J!orth Surrey Schools, Antrley. 
A well was snnk hero by Messrs. Baker in 



J 



depth of 220 feet, in London and coloured clays. Ab 
of 48 foet was then made through pebble beds and mi 
oliiys. At a depth of 243 feet from the snrfitce a b 
smid 9 feet in thickness was reached ; this bed was 
fully charged with water, which toae rapidly till it re 
a height of 118 feet in the weU, or 102 feet from the su 

This spring has ever since entirely supplied the bc 
Three pumps, eHch 5J inches diameter, were put to 
and have been daily in action ever since, always wi 
ample supply. 

The level of water in thia well is eocdderably aC 
when exteusive pumping is going on at the Crystals 
showing that the supply is probably derived i 
from the same sand springs, and that no imperv 
exists between them. 

WeU at the Ltinatia Asylum, Cohwj Hatch. 
Was executed by Messrs. Baker and Song, The c! 
found in this well at a depth of 189 feet from the su 
and a large supply of water was obtained both fcoi 
chalk and from the tertiary sands. The depth sunkj 
chalk amounted to 141 feet. 



BrigktA 



Well at tlie Viclorin Tei-mmm of the London, Brighta 
South Coast Eailwaif at Pimliio, 
A well was sunk here by the Messrs, Baker i 
the followiug Eonstruction : — Gast-iron cylinders 6 £| 



J 
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br ■were driven through the gravel into the Lontlon 
^ft«r which the shaft was linod with 9 inch hrickwork 
epth of 140 feet below the Bnrface. This wrb entirely 
^ London and mottled clay. A bonDg waa then corn- 
ed, and this, at 177 feet below Buiface, came to sand 
later. About 9 feet, or to & depth of 18G feet, the 
much indurated as to resemble stouo, and the 
f very white. Sand continued to 190 feet below ear- 
then como white and mottled clay to about 20G feet. 
[;Thanct sand for about 58 feet down to the chalk, 
i was reached at 264 foet below the surface. This 
Sjields a good supply of water entirely from the Band 
gB, and when the well was £rst ennk this water rose to 
^ 7 feet of the surface. 

' Well at Old Malilen. 

iB is a well executed by Messrs. Baker in 18S9, for the 
bn and South Western Railway Company. The sink- 
uaed through 261 feet of London and mottled cky into 
f of sand about 4 feet in thickness, and very full of 
|, The water from this bed rose very rapidly, and ao 

s to overflow the surface. It is said this overflow has 

ned ever since. 

ti at Messrs. Waltham Brothers' Brewery, Sloclacell. 

md bored to a depth of 380 feot. The 
BOO teet is an open shaft lined with brickwork, and the 
e bored. The pipe rises about 40 feet 
I the bottom of the bore-hole, and the water overflo%s-s 
Bpe within CO feet of the saiface. 
! first 21 feet conEJst of made ground and reddish 
[, then 79 feet of London clay, making the 100 feet 
I to which tho well is sunk. The bore-hole then passea 
teb the lower tortinry beds, which are chiefly eand. 



[f 12 inches cloar 

■ depth of about 

Tof thia diameter, 

The pipe is of 

It IB fuT- 

inginto tba 

ir part or flange 



■' the Nfiw River 
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Ft. ia. 

Brown clay 33 i , , 

lUuoeky. 79 o! ^-"^"^ ' 

hi«nJ ana Able. .... 23 1 ^'-"'"^ <^' 
CbiiUc with flinta .... 213 6 

403 a 

The nsual pebble bed w&a met with at the base of tli 
London clay. 

The water rose in this well to -within 125 
surface, or 141 feet above Ordnanoe Datum, 
water is pumped at the rate of 200 gallons per miniite, i 
water Btands permanently at 12 feet below thia leva!, 1 
129 feet above Ordnance Uatam. 

It is anaeooEsary at present to pnmp more tban fD 
gallons a mmute, as the supply required for the torn 
only about 150,000 gallons a day, in addition to whicli 
Harrow Station of the London and North- Western Ruin 
has to bo Bupphed. The well would doubtless yiuld 
siderably more if it were required. 

Edgntare Public Well. 

Bite of well 18S feet above mean sea-level, and the wild 
rieea to within 90 feet of the surface, or 99 feut above 
sea- lev el. 

The woll is 4 feet 6 inches diameter, and 90 feet in dcpU 
and below this is a 7 inch boring 201 feet deep, making 
total depth from surface of 291 feet. 

The following strata were passed throagh :■ — 



Brown clay and gravel 20 

Blue clay .......... 56 

Colonrod clay, sand, and pebbies, 
througli which BO fcot in length, of 8 
inch pi])ea were drivoQ into thu chalk 61 
ChiUk and flintfl ISl 

291 



London clay. 
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The quantity pumped is uncertain, and is considerably 
more in summer than in winter. If the present pumps, 
Lowever, were worked regularly, the well would yield at 
least 50,000 gallons per day. 

Well at the London Orphan Asylum, Watford, 

This well is sunk on a site about 190 feet above mean 
level, and the water rises to within 52 feet of the sur- 
, or 188 feet above mean sea-level. The well is 6 feet 

diameter, and 51)^ feet deep. In the bottom is an 8 inch 

ring, 25 5i feet deep, making a total depth of 307 feet. 

The following are the strata : — 

Feet. 

'' Brown clay 12^ 

i Gravel 19} 

Sand . 18 

Chalk and flints 257 




c 



307 
Yield of well about 80,000 gallons a day. 



Well at Alperton, near Ealing, 

This well is sunk on a level with the rails at Sudbury 
Station, on the London and North- Western Eailway. 

The well is 5 feet in diameter, and 195 feet deep, with 
ii 10 inch boring in the bottom 205 feet deep, making total 
4«pth 400 feet. 

The water stands 85 feet below top of well. 

The following strata were passed through : — 

Feet. 

Yellowclay 25 J London clay. 

Blue day UO / 

Coloured clay ^M Lower tertiary. 

Sand and pebbles ... ... 17 -^ 

Chalk and flints 182 

400 

1a 
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The pemunent pumps have oot yot been fixed; hot it: 
probtLhle the well will yield nearly 800,000 galtoua per daj 

Well at BerkhampgUad, /or supply of the Toum. 

Tbo site of this well is 840 feet above Ordnance Datins 
nnd the water stands within 8 fuet fri^m top of well, 
feet above OrdnaDCQ Datum. 

The aotaal well is 4 feet mohes in diameter, and ie aai) 
snnk 10 feet deep, and is then succeeded by an 8 inch ^loaxt 
£00 foot in depth, making a total of 210 feet. 

Strata passed throngh ; — 

Clay 

Chalk and fliota 

The quantity pomped from thia well and bortcg ie 
60,000 galloDB a, day. 

Wi-lh fuiik at Dancers' EtKi, near Tring, for the (MM 
Hills Water Company, to sujipli/ the toami a/Ayhaburs «( 

These works are of considerable magnitude, and conusl n 
three wells, each 236 feet deep, with adits 541 foot inlengtlv' 
and five borings of 7 inches diameter, each about 55 fW 
deep. The surface of the wells is 662 feet above eea-lev(lf 
aud the watur line is 178 feet below this, or 384 feet Bbort 
mean sea-lovcl. 

Tho three wells are respectively 4i, BJ, and 6 feet in 
diameter, and are wholly sunk in chalk. The adits are 5i 
feet wide aud 7 feet high, and ore driven at 22G feet belon 
top of wells. 

The average quantity of water pumped per day is abou 
400,000 gallons. ' 



LT PBOM THE LOWBK GBEBK BAUD. 

i seems dear from Uie analyseB of water from most 

ihe brewers' wells in London that the supply ie chiefly fro 

Lhe niBSS of grey snuds overlying the chalk, nnd not from the 

^alk itself. The waters are never ha,rd eaough for trao 

waters, nor do they contain any large proporti 

onate of time. The alkaline salts, m fact, are chlefl; 

hutes and chlorides. 

t api^ears that the most certain method cf ohtaining^j 

Br in the chalk is by driving adits, headings, or driftways^ 

not by boring. 



le 

10 

1 
1 



he success of the artesian ivells at Passy and Grenelle, 
r Paris, has been sufficient to induce several attempts to 
inre water by sinking or boring into the lower green sand 
r London. 

lo Paris wells and borings have Bracoessivoly penetrated a 
it mass of tcrtiarios overlying the chalk, then the chalk 
tf, then the upper green sand and the gaa.lt, and flnally 
e reached an abundant supply of water in the lower green 

[be BUcceasion of strata in tJie London basin nnderlying 
cbalk has usually been considered the same as that in 
Paris basin, and hence considerable works have been 
lertaken with the view of procuring water by sinking 
jngb the chalk down to the lower green sand. 
Phe borings at Paris, which penetrate the lower gieon 
d, are 1,800 feet in depth ; but the configuration of the 
idon basin induced geologiats to suppose that beneath 
idon the lower green sands would be reached at a 
|th considerably less than this. Numerous sinkings 
^ have recently been mad« through the chalk between 
Kia and London have proved thai too aiwnc wittv.-i^'i 
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does not everywhere prevEU, and that much older rooka 
eeem in places to sncceed the chall: than those which aia 
found beneath the chaJk of Paria, Thus at Calais, it was 
found, after the chalk had been penetrated to a depth of neatly 
1,300 feet, that all the secondary rocks -were then Bbeeul, 
that there was no green saad, no oolites, nor even red sand- 
Btone, but that rocks of the carbonifcrons series actaally suc- 
ceeded and underlaid the clialk. At Harwich, again, it was 
found that the chalk, which was passed through at a depth 
of 1,000 feet helow the surface, was immediately followed 
by elatea which probably belonged to the carhoniferoM 
series. 

I well sunk hy the Ifew River Company at Esntidi 
Town, the gauit was found beneath the chalk ; bat after a 
depth of 1,113 feet had been reached a series of red eaoci- 
Btone beds appeared, in place of the lower green sand. 

All those facts seem to lend great authority to the Tiev 
that some great axis of elevation connects the coal districts 
of Belgium and the Bas Boulonnais with the granitic country 
of Cornwall, the Channel Islands, and Normandy. 

Coal is now worked beuGath the chalk is the neighboni- 
hood of Guines and Marquise, between Boulogne and CalaisJ 
and it is quite possible that the same groat axis of elevation 
which has there brought np the coal formation has caused i 
vast upthrow of Paleozoic rocks between Dover aad the West 
of England before the deposit of the chalk. 

At the same time it is quite certain that the northern pati 
of the Loudon chalk baein contains the strata in rognlar 
succession. At Beigate and Dorking, on the south side, and 

I at Sanstable and Ampthill, on the north, the gaalt is Gcon 
regularly succeeding the chalk, and the lower green sondie 
Been regularly passing under the gault. This regularity ii 
further evideuced hy numerous borings and wells, which ais 
jjunk for water all along ihe outcrop of the chalk from 
Leighton Buzzard to Oambridge, and by the coproUte work- 
iugs, which ft'equonlly paas foxoa;^ Mia ^tmit and penc- 



I 
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laie the lower green sand, for the purpose of procuring 
iTaier. 

The tnhe-well sunk on Lord Brownlow*s property at 
E^dleshorough, Bucks, under the direction of Mr. T. McDou- 
gaU Smith, shows the regular succession of gault and green 
sand, as follows : — 

The boring was 6 inches in diameter, and passed through — 

Feet. 

Lower chalk ...•• •..\ 

Chalk marl ...••••.•• | 63 

Upper green land • ) 

Ganlt 205 

Lower green Band 33 

301 
Fhe bore-hole is lined for the entire depth with iron tubing. 

72 feet from surface, with 4J inch tube. 
216 „ deep, with 3 „ „ 

13 „ „ „ 2andlJ „ „ 

801 

The water in the old wells probably arises from chalk 
springs, and is obtained at a depth of 4 to 5 feet from the 
surface; but the boring, which passes through the gault, 
has tapped and given access to the water of the lower green 
sand. This water rose to the height of 79 feet from the 
surface, and during the next six months it rose 9 feet higher. 

The working barrel in the tube is 2f inches in diameter. 
This well affords no criterion of the quantity which might be 
obtained horn the lower green sand, as the boring is exces- 
sively small, and the quantity required is only for the supply 
of four cottages — ^probably about 100 gallons a day. 

The well recently sunk at Arlesey for the Three Counties' 
Asylum is on a much more extensive scale, and affords 
results which are much more striking. The works at 
Arlesey consist of two wells, each 6 feet in diameter and 



120 feet deep, and in one of these a boring 10 inches diami 
ter has been made to a farther depth of 960 feet 
The following were the strata passed through 
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Loam and Hand 

Lower chalk, chftlk marl and npiier green eand 

Gault 

Lower green sand 



3 



The Bupply of w»ter ia eqiiid to 60,000 gallona a day, 
being eijunl to the reij^uireinonts of a very large asyltim 
built for throe counties, and in which tha nse of water b 
encouraged on a very liberal scale for sanitary and other 
purposes. 

The water from chalk springs in the Arlesey wells stands 
about 60 feet below surface, and the green Baud water from 
below tho gault rises to a height of 110 feet below surfaee, 
ar a little above the level of the gault. The well is snnk on 
B, site about 283 feet above mean sea-level. 

The artesian wells of Cambridge have been already allnded 
to. These wclla are commonly dug through the gault down 
to the lower green sand, and famish usually a very ciopioae 
supply of water. The numerous coprollte works in the 
gault district north of Hertford, such as those of Stonden, 
Shillingtoa, and Arlesey, have numerous wells acd borings 
Bank through the gault into the lower green sand. The 
gault in these workings is neually about 200 feet thick, end 
the supply of water about 40,000 or 50,000 gallons from 
each well. 

The numerous overflowing artesian wells in Wrest Park 
and the neighbourhood of Silsoe, south of Ampthill, are 
very interesting. These are mostly bore-holes, which pene- 
trate the gault down to tho lower green sand. In most of 
these the water rises 8 or 10 fcot above the sui-face, and 
Hows perpetually through a bent pipe ioto a reBcrvoir foiin^ 
io receive it. 



J THE KEW BED SiXDBTONE. 



22sl 

J 

—2 

e 
I. 



Mr, Thomas Clarke, who was called to report t 
filter supply of Birmingham, mode in the aatumn of 1 
n experimental boring 137 feet deep, from ■which be 
ibtained 115,200 gallons per day of twonty-fonr honra. 
From this result, and from surveys which ho Bays he haH J 
nade, he reports that a supply of 700 sjoUona per minute,.! 
ar upwards of a millioo gallons per day, may be relied on ' 
from welia. He recommends that four shafts should ba 
sunk, each 8 feet diameter in the clear ; and that besidca 
these a pumping- shaft, 10 feet diameter in tho clear, should 
be annk to the depth of 90 feet, and all tho other shafts 
connected with it liy means of ovol-shapcd driftways or 
n^its. He recommends that all the shafts be lined with 
14 meh brickwork, and that in the bottom of each shaft a 
boring of 16 inches diameter should he made to the depth 
of 140 feet below the surface of tho ground. In each bor- 
ing is to bo fi-xed a cast-iron pipe 12 feet Id length, which 
ii to be secM'ely driven to the depth of 8 feet below the 
itottom of each shaft. The tops of the shafts to be covered 
(ith wTought-iron chequered plates fixed to strong iron 

rs at the siirface of the ground. 

connection with the shafts ho also recommends a cast- \ 
tank to be erected of the following dimensions, namely, 1 
ao feet long by 60 feet wide, and 6 feet deep. The tank 1 
I be constructed of cast-iron plates 5 inch thick, upon I 
rang cast-iron girders, to be fixed on brickwork, Tho top J 
ithe tank to be covered with a light glazod iron roof, 
^e capacity of this tank would be 225,000 gallons. The I 
it of the shafts, tank, and pumping machinery, 
ited by Mr, Clarke, is £27,500. 
In September, 1854, Mr. Robert Rawlinson and Mr. . 
jott Smith reported on the water supply of Birmingham, 
i condemned in tola tho project of sinking wells. 

L ^ « 
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^H Thej Bnpport their arguments by reference to two deep 
^r inines sank in the new red sandstone at a cgnsider^ila 
^m distance apart — namely, the PendJoton Colliery, near Man- 
H Chester, and the Moukwearmuuth Colliery, near Snndeiloiid. 
H They observe : " After a depth of 900 feet Tertioal had been 
H attained, the strata were found to be comparatively dry, and 
^ water had to be passed down mto the workings to water (be 
roads, they were so intolerably dusty. Tbe wat^r obtained 
at the deepest points to which it was found to penetrate was 
impregnated with mtoeral as strongly as brine. Both these 
Bhttfta yielded water in the upper beds to the depth of several 
hundred feet. This had to be tubed out by a casing of cast- 
iron." 

They adduced as failures of wells in the newredsandetona 
the city of New York and other places ia America, besides 
in thia country, Manchester, Salford, Liverpool, and Wol- 



The Tettonhall well of tbe "Wolverhampton Waterworks 
Company is aa ellipse of 11 feet by 7 feet 6 inches, with one 
side flattened. These are tbe dimensions in the clear, insidB 
the bnckworlj. The first 16 feet consist of argillaceous 
marly bods, changing for the next 4 feat into mottled sandy 
rock, and below this into the soft red sandstone of the dis- 
trict. The first 8 feet of the shaft is steined with 14 inob 
brickwork, and tbe next 80 feet with 9 inch brickwork. 
Tbe whole of the steining is puddled behind in order to keep 
out land springs and the water from the neighbouring wells. 
Where the brickwork commences on the top of the aohd 
rock, an elm cnrb 9 inches wide and 3 inches thick, ia in- 
troduced below the brickwork. The curb rests on a well- 
worked bed of white clay, 6 inches thick, which is laid upon 
the rock, and the puddle beliind the steining is worked into 
^^ and carried ap in connection with this white clay, which was 
^H procured from a coal pit near Dilston, and cost 3s. 6d. a ton. 
^M Tho depth of the well ia about 140 feet, and the lower lOfl 
^HjEioI is not stejned at aU, the locV. tom^ soS&e,\eii.tlY fi 
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nd without liiiiDg. Several headings were driven at the 
igbt of 6 feet above the bottom. These headings arc of 
Ggnlar size, some being 6 feet high, some as much as 14, 
I some not more than i feet. The asual width ie 4 feet, 
1 there are in all abont 1,100 lineal yards of heading. 
e nsunl work of a man in driving the headings was about 
cubic yards per day. 
The water whan not acted on by pumping stands about 
> feet deep in the well. 
The Company has at Tettenhall two smaller shafts, each 5 
it diameter in the clear, which were used for air shafts and 
rpumpingout the water during the sinking of the main shaft. 
The Comjany has also two shafts at Goldthom,on the sonlh 
,B of Wolverhampton. These are each 7 feet in diameter, 
K)feet deep, and are sunk within a few yards of each other. 
The first 12 feet consist of argillaceous beds, and this part 
lined with brickwork. The shafts then pass through about 

■ feet of the conglomerate or indniated gravel beds peculiar 
this part of the Permian series, and this portion is not 

, The strata below the conglomerate bed are argil- 
and marly, and ai'e lined all the way down to the 

. The beds dipped across the shaft in a westerly 
lection, at the rate of about 2 feet per yard. A spring 
jKtred in the gravel bod which drained the neighbouring 
. The strongest spring was met with at a depth of 50 
) yards from the surface. The water fell off much 
ivards the bottom of the sinking. 
There is a bore-bole 130 yards deep in the bottom of the 

The bore-hole is tubed with iron BJ inches diameter 
the clear at top, and 2i inches diameter at bottom. The 
inch tube extends 25 yards in depth, the remainder being 
inch. 

tbo first heading was driven to the west in the same 
action as the dip, and, therefore, in conBcquonce of the 
id dip, intersecting a great number of beds. This head- 

■ was 130 yards in length, and was driven with an in- 
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«UnatioD npnards of tkboat 1 in 20. The principal portion 
of the watar was obtained by means of this heading. ' 
other heading was driven 23 yards to the eontb, in the line of 
the strike, and was entirely in one bed of rock. Neither this 
the boring yielded any water. The headings were 6 feat 
flqaare. Itwas found necessarj- in places to arch the long head- 
ing with two half-brick rings, Abont 32 yards in length of the 
»Btent heading were arched where it crossed beds of mail 
The produce of the red sandstone wells at Wolverhampton 
very inferior to that of any of the Liverpool wells. Tlie 
'Wolverhampton Waterworks Company spent more tbsJi 
£60,000, and for this large outlay have only obtained a 
Btippty of abont 879,000 gallons a day; Tbey had two 
pumping establishments ; one at Tettenhall and the other at 
Ooldthom "Hill. The Tettenhall works consist of one msin 
shaft 140 feet deep, of an oval shape 11 feet x 7t, besides 
two other working shafts 5 feet diameter, and about 1.100 
yards of heading. This establiabment yields only 1€6,(ID0 
gallons a day. The Goldthom works consist of two shafts, 
each 7 feet diameter in the clear, and 300 feet deep, and 153 
yards of beading, with a boring 890 feet deep at the bottom. 
This station yields 211,000 gallons a day. 

No question can exist abont the estreme impolicy of sink- 
ing this shaft. It is only a quarter of a mile from the great 
fault of the coal Cold, so that the drainage area for supplying 
well is extremely limited. The beds which oonaiateS 
chiefly of brown coloured sandstones and red maris, alter- 
nating all the way down, are tilted to an angle of more than 
A bed of conglomerate or indurated gravel was paased 
through at 50 or 60 yards from the surface. This bed 
yielded a small quantity of water at the expense of all tha 
neighbouring wells, which were dried up. It appears that 
tbd marl beds were of much greater thickness than the sand- 
stone bods, and it seems probable that the beds intersected 
by the shaft were cot permeable water-bearing beds at all, 
even bad tbey cropped o\it at llie B^wtAafe, ^Wh is doubtfnl. 
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gain, the true water-bearing beds, which may possibly have 
jen reached by the boring, certainly did not crop out at the 
irface, but were cut off by the fault which also cut off all 
ommunication and drainage from the coal field. The miser- 
ble failure of this well is therefore not to be wondered at. 

Well and boring at Rugby in Lias and New Red Sandstone. 

Feet. 
The well is 7 feet in diameter, and in depth 82 

In the bottom of the well is a boring 14 inches diameter, 

Uned with cast-iron tubing 61 

Then a boring with wrought-iron tubing 12 inches 

diameter 91} 

Then a boring with wrought-iron tubing 10 inches 

diameter 236^ 

Then a boring with wrought-iron tubing 9 inches 

diameter 280J 

Then a boring with wrought-iron tubing 7J inches 

diameter : 33 

Then a boring with wrought-iron tubing 6} inches 

diameter. 246 

Then a boring with wrought-iron tubing 6 inches 

diameter • 98 

Additional boring •• •••. 13 

1141 

The following statement of the strata passed through 
is condensed from a valuable section presented by Mr. 
&fcDougall Smith to the Metropolitan Board of Works : — 

Depth from Thick- 
surface. nesB. 
Feet. Feet. 
Red sand and gravel 10 10 

Blue lias clay and limestone .... 400 390 ) ^ 

Dark and brown clays 470 70 ) g* 

Light hard stone 478 8 

Bed clay • 780 302 i » ^^J 

„ sandstone 786 ^\^% 
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„ clay 1045 259 

„ clay sands 1141 96^ S 

Total 1141 feet. 
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This well was entirely onfluoceBsfal in yielding a Bnpplj 
of water. 

The boring appears to have reached the bnne springs of 

e new red sandstone, and the water waa saturated with 

mnioD salt, and quite nufit for domestic use. 

It appears, therefore, that aboat 470 feet of the sinking 

ere in the lias formation, in which, of conrae, it was 

hopeless to expect water, and that the remaining 650 feet 

in the argillaceous or gypseons momber of the new red 

Eandstone, in which the prospect of water was eqaallj 

hopeless. 

It is true that a very small proportion of the sinking 
the new red sandstone is described as sandstone and 
Bandy clay ; but on the whole the character of the beds is 
clearly argillaceous, and ouglit to have indicated to a well- 
informed geologist the extreme improbability of meeting 
with water. No doubt the engineers were bnoyed up with 
the hope of reaching the lower arenaceous beds of the new 
sandstone ; but the remarkable failure at Bugby ouglit 
to prove a warning against sinking in the new red sandstone, 
nnlcBs there are circumstances favouring the probabiHty of 
finding water, and especially unless the geological horizon 
be well ascertained. 



Wells in Red Sanditone rock nt Birhsnkead. 

It appears that Birkenhead is supplied from two wells, 
one of which Is described by Mr. Baldwin Latham, from 
whose boot the following particniara ore taken. 

The red sandstone rock has been penetrated to a depth 
of 395 feet, of which the fij'st 96 feet consist of an open 
well, 9 feet in diameter, execntod withont lining or steiniiig 
of any kind. In the bottom of the well is a boring £S 
inches diameter and 44 feet deep. 



Q the pnmpB are not working the water Btands penun^ 
litly at It level of 93 feet from the surface. 
Dhe well yields ahout two million gallons in twenty-fotu: 

I, the level of the water then heing about 134 feet 
low surface. 



ben follows a boring of IS inchee diameter, and 16 fe(t 
deep, maldD); a total of 

Theu a 12 inch boring for 

Then 7 inch ditto 



Total depth of . 
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! YIELD OF WATER BY THE COENISH MINES. 

the valuahle information for which we are m< 

ted to the reports of the Cornish engines, must be 

itioned the records which give the average qaantity of 

iter pumped in every month from each of the mines. This 

evidently information of great importance and interest, 

karing on the subject of supplies from wells and shafts, 

should receive the greatest attention from engineers 

are considering the question of new supplies from these 
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Trom a careful examination of the 
mtilies, and the months in which theso occur, it appears 
it on the uverago of five yeara the months stand in the 
lowing order {March being the one in which the greatest 

itity is pumped, and August the least) i^March, Feb- 

f, April, January, December, May, November, June, 

ember, July, October, August- 
It farther appears that some of the mines yield double as 
th water in certain mouths as they do in others, but that 

maximum quantity is more commonly about fifty per 
axcess of the minimum. The variation from year 
'ear, however, is much more considerable, and there are 
ly instances whore the highest yield is four time; 
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maeli as the minimnm yiold in sorae other year, 
two remarkable cases, namely, the ^atazion Mice n 
Cardrew Down, where the manmiim is seven or eight tin 
u great as the minj ii m m. 

With refereoce to qniuitity it mnst be admitted the yii 
is generally small considering the grent depth of the mmi 
There are few wbosQ maximiun quantity exceeds 2,0 
gallons a minato, or 2,880,000 gallons in twonty-fonr hoa 
and even in these the lowest yield is occasioniUfy mnch b 

The roniarkftbla failing off in some mines is also desetri 
of notice. Thns the Marazion Mine yielded, in the moi 
of March, 1833, no less than 2,180 gallons per mion 
whereas in February, 1835, it yielded only 2G3 galloos 
tuinnte, or less than f th of the former quantity. 

It is much to be regretted that the system of report! 
the Cornish engines, as to duty performed, water pampt 
&o,, has not beon persevered in dnring late years. Wii 
the Cornish engines were bronght some years ago to a 1 
state of perfection, so aa to work with an extremely si 
allowance of coal for each horse power, the wbolesoi 
rivalry eiisting between the principal makers caused t 
reports issued by Browne and by Lean to be of great vail 
and the makers and owners of the best engines took gn 
pride in their performance. All this is altered at I: 
present day ; and as it is a fact that the beet engines I 
not reported at all, any conclusions drawn &om the press 
reports would only tond to mislead. 
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nmpa commonly nsecl for mising water from wells 
J be divided into two classes, lifting pomps and forcing 
ips. 

I lifting pnmps may be again subdivided into two 
ietjes ; namely, those with a hollow piston, and those 

ilid or plnnger piston. 
. lifting pumps with a hollow piston, called also atmo- 
erio pomps. 

his variety, in its simplest form, consists of the following 
B : — a cylinder or tube, in which is fixed a valve opening 
rards, and above which works a piston provided with a 

, also opening upwards. The part of the cylinder in 

1 the piston works is called the body of the pump, and 

be only part which need be bored with any g at a n 

The top of the cylinder may be opened o 1 d t 

ira not which, but somewhere above the lev 1 t wh h 
piston ascends there must be an orifice for dis ha ^ ng 

e action of the common atmospheric pump is so simj le, 
3 80 well known to every school boy, that it will be 

Eecoaaary here to dwell upon it. The cylinder is made of 
smaferials, as wood, iron, or copper; and frequently 
ffer part below the fixed valve is a mere leather hoae, 

nished with a strainer at its lower extremity. The fixed 
a this kind of pump must be placed at such a level 

t the depth from it to the surface of the water in the well 

rt never exceed the height of a column of wntor, which 
balance the atmospheric pressure or weight of the 
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atinosphero. This weight is measnred Id the barometa 
:a colnmQ of mercury, which vuies in different parts of fl 
"WoHd, and at diSerent altitndes, from 28 to 31 inches. 

a atmospheric pnmp at the level of the sea may hi 
fixed valve several feet higher than a similar pomp woij 
I the top of a high moQntMn. The height at whieU 
nercniy stands in a bBTometer at any given place affora 
fiut, a tolerably practical measure of the height to T 
water will rise in a Taenam when pressed by the e 
fttmospbere. Tbns, in theory, where the merenry si 
the tube of a barometer at a height of 30 inches, the Bi 
or fixed valve of an atmospheric pomp may be placed 3l 
ive the surface of water in a well. In practice, howl 
ing to imperfection of materials, flactnations of level ii 
water, and other causes, this difference of level is too great, 
and should not really exceed 27 oi 28 feet. In shallow wells, 
therefore, which are not more than about 27 feet in deptb, 
Itie part of the cj'linder or pump above the fixed valve need 
never exceed the length of the stroke or space through which 
the piston works. In deep wells the ascending part of the 
cylinder above the body of the pump In 'which the pistoi 
works may be, theoretically, of any height. There a: 
euHies, however, connected with the valves in the maveabb 
piston, which render it inconvenient to have the lift ii 
kind of pump much more than 100 feet. Whatever be Uie 
height of the column of water above the moveable piston 
B evident that the absolnte weight of this whole column 1 
;o be lifted at each stroke of the pbton ; and for this reasaa 
atmospherie pumps, which are worked by hand, have scarcely 
any of tbo pump above the piston, aa otherwise the weight 
of water to be lii'ted at each stroke would be too great foi 
) the power to bo applied. This, practically, limits the heigbt 
to which water can be raised from wells, by common atmo- 
spheric pnraps worked by hand, to about 28 feet 

111 doej) wells, however, when pumps are worked by horse | 
■W steam power, this objection ioea not a^yly, and if the 
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3 Baflicieiit to rnise at each stroke tbe whole eolui 
rater above the piston, the longfh of the oyliuder abovi 
piston is only limited hy the practical considerations'! 
e allnded to in connection with the valves. 
Hhonld be observed that the common atmosphenc pump 
Idom or never used in water worka for the porpoBO of 
sg water. 

. Lifting pumps with a solid or pinnger piston. 
I this variety of pnmp there is the barrel or body of tha 
n which the piston works, and two fixed valves. 
eath the lower of these is the desncnding pipe, which 
1 down into the water of the well, and which is freq^nently, 
very improperly, called the suction pipe. Above the 
ir fixed valve is the asceading pipe going np to the top 
le well. The ascending and descending pipes are some- 
H in the same vertical line, and sometimes not. The 
p barrel is always a little on one side, and has a com- 
dcation with the descending pipe near the top of tho 
p barrel, and immediately above the lower fixed valve, 
le also a commnnicatioa with the ascending pipe below 
upper fixed valve. The disposition and general arrange- 
it of these various parts will be much better understood 
i fig. 18 than from any written description. This wood- 
cepresents a lifting pump with a solid piston, as used at 
:e of Hnelgoat. It was erected by M. Juncker, an 
t French engineer, and the engraving is reduced from a 

in M. Combes' work on mines.* 
Ibis pump raises the water to the height of 503 feet, and 
itended to ruiao it to a further height of 246 feet, or in 
754, when the mine shall have reached this depth. In 
18, A is the body of the pump in which works tho solid 
J. Tho body of the pump is bored and turned true 
he most perfect manner, and is quite open at the bottom. 
I the piston rod, which works through a stuffing bos in 
" Trnitd de I'eiploitation Aeb Mines," par M. Ch. Combes. Lidg^ 
linique Avango et Cie., 1S4G. 
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the valve clieat, m which are fixed tie two valvea F 

}, H is the aBcending tube, going up to the top of the 

',, and lis the descending pipe, going down to the water 

!lha bottom. The action of thia putnp will be readily 

lerstood. Suppose the piston at the bottom of its Btroke 

le position represented in fig. 18, the body A filled with 

■, and all the other pipes also filled with water, as they 

I in the ordinary working of the pump, Thia being the 

la of things, the piston rises and lifts the volome of water 

Iting on it, forcing it through the passage D into the valve 

hit E, and thence through the valve F into the ascending 

|B H. During the rise of the piston, the water can only 

B in this way, and can by no means get through the valve 

because this only opens upwards, so that the pressure of 

.water instead of opening it only closes it tighter. When 

piston is raised to the top of its stroke it begins to 

cend, leaving a vacuum behind it, into which the water 

ifi in the valve cheat immediately passes in addition to 

sme from the pipe I, which is pressed on by the external 

tmosphero, and in obedience to a natural law risea through 

he valve G and fllJa np the body of the pump. The piston 

3 now at the bottom of its stroke, all the pipes being full of 

|raler as before, when the same process ia again and again 

lUeated, 

llThe upper part of the valve chest fits into an enlargement 
fi the ascending pipe H, and is fitted with a leather collar, 
Mrowed down, and kept in its place by a copper ring. The 
leather collar presses against the interior of the enlarged 
part of H, and admits of the upper part of the valve chest 
Nng raised in order to examine the valves. When this ia 
w) be done the flange a a is to be unscrewed. 

The Bmall side pipe bed, which ia provided with stop 
^ks, establishes a communication between the ascending 
'111 descending pipes, and between those and the valve chest. 
*Iiia arrangement is necessary for the purpose of filling the 
pwending pipe with water, when the working of the pump I 
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been diseontiimed for any length of time, and lo »i( 
the tihocfca *ni d&mage vliich are ofien eiperieoced 
tbc pDnip is first set to work in consequence of t 
«jr compressed in the val™ chest between the two vulvea. 

When the pomp ia to be pnt in action, the slop cocks; 
b c if are opened, and a communication made bemeen 
pipe above the valve F and the descending pipe /. 
latter, aa veil as the body of the pnmp .-1 is then filled 
the water which descends &om the pipe H, The air 
tained in the descending pipe / passes np throngh the ' 
G, and escapes by a small orifice e, wbicb is closed bfl 
ecnv aa soon as the <n-ater issuing from the orilice 
notice that the pnmp body and the descending pipe 
entirely filled. 

/ is a small side valve fitted to the descending pipe, 
loaded wit!i a weight eqnal to about the pressoro of 
fttnosphere, or about 14 lbs. per square inch. TMs 
is placed just above the anrfaoo of water in the well, ani 
tbdicatoA whether the Valvc is in proper order ; for if the 
valve O does not shut properly the preesore of the wal« 
which is raised during the up-stroke of the piston ia traoB- 
raitted to the column of water contained in the descesding 
pipe, and this pressure immediately causes the valve/ to open. 

By means of the same valve/ also, it can be ascertained 
if the upper valve F closes properly. For this purpose the 
pnmp must he stopped and the valve chest put in comuiani- 
Ofttion wilh the descending pipe by opening the stop cooks 
in the small pipe e d. Then, if the valve F closes iuijier- 
feotly, the water from II will come through it and fill the 
doBOonding pipe /, raising the valve /. This effect will of 
course not take place unless the foot valve // is in order, I 
fact which can be readily ascertained. Those checks npOQ 
perfect working of the pnmp are excellent, and bsTS 
been productive of great economy. 

The valves in this pump are entirely metallic, and with- 
oat any leather or hemp iijicking. They are corical in form, 
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ig caj«fully turned and fitted to a corresponding conical 
oing in the valve seat. 

'ie valvea and seats are composed of the following alloy : 
85 to 88 parts of copper. 

4 to 6 parts of tin. 

d to 6 parts of lead and zinc. 

["hese valves hold water very perfectly, and close with 
ch more readiness and accuracy than any form of leather 
ve. M. Jnncker states that the loss of water in this pump 
only one-thirtieth of that due to the diameter and stroke 
the piston. This form of valve, however, is now super- 
led, in moat of the large pumping establish raoata in 
igland, by Harvey and West's double beat valve, which 
n be described in a future page. 

19 represents a front elevation of the pumps in the 
ttenhall woU of the Wolverhampton Water Works, and 
, 20 represents a side elevation of the same. This may 
taken as b, good example of the moat approved practice, 
ng a recent work executed by Mr. Wicksteed and Mr. 
imersham within the last few years. 

A A are the air pipes which descend into the water, aud 
lich are perforated at the bottom with small openings to 
elude gravel, sand, and other impurities. JJ B are the 
mp barrels, each containing a solid plunger piston, which 
re acts aa a forcing power, and does not lift the water as 
the Huelgoat pump (see fig. 18, page 234). 
As Boon as the plunger pole begins to ascend, the water, 
Led on by atmospheric pressure, enters the empty pump 
rrel through the opening at D. On the descent of the 
mger pole a quantity of water, equal to the volume or 
laa of tho plunger pole, is displaced at each stroke and 
np the rising pipes G C. The body of the pump B is 
idderably greater in diameter than the plunger polo, so 
t the water readily enters as soon as the down-stroke of 
atoam piston commences. The plungers are 13 inches 
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dinmelw, with s 10 feet BtrotB. C C tu-e the rising pipeic 
Fig. 1». Kg. 80. 
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13 WLhts ID jIo diamokr D D wo >l\b N'iVie. 



Bg the valves at the top of the air pipe, which open and 
cotmnunlcation between tha latter and tLe body of 
nunp. E E are the valve chests containing the valves 
16 base of the rising pipes, which open and close the 
nnnication between those and the body of the pump. 
two valves hero are not inclosed in the same valve 
;, but in separate ones. There is also some difference 
een this and the Huelgoat pump in the arrangement of 
Bveral parts, aa will be eeen more particularly from an 
ection of the two elevations, £gs. 19 and 20, and from. 
pl&D of the well, fig. 21. In the Huelgoat pump the 
ig pipe is directly over, and has the same axis as the 




Scale I inch ^ i feet, 
the body of the pump being on one side. In the 
11 pmnpB, on the other hand, the three parts are 
taged in plan almost as an eiiuilateral triangle, one apex 
^ occupied by the air pipe, another by the body of the 
p, and the third by the rising pipe. This will be more 
1^ seen from fig. 21, in which the three principal parts 
Hpresented by the same letters as in the elevations. 
; of the pumps is worked by what is called a forty horse- 
non- Condon sing engine, by Kayo of Bury. 
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I shape of ihe well b an irregnlar otal, 11 feet ■! 
' loDgnt diameter, and 71 feet across. A A t 

loner pipes, 18 iuches diameter, which dip iuto the wi 
£ it ar« the pump barrels, with a 1 3 inch plunger 
a 10 feet stroke. C C are the rising pipes, 13 ineLMj 
meter inside. Each of the two pumps delivers 56 
a atroke, and makes four or five strokes per i 
The engine U capable of working the pumps at the 
twelve strokes per minute, and as each pump raises fiftj- 
gallons per stroke, each would raise in twentj-four iu. 
5G X 12 X 24 X 60 = 967,6B0, or nearly a milli- 
This is DO doubt what the pumps were intended to do, 
onfort (mutely the well dooa not yield the required iinanti 
of water; the engine eaa only make about 3O0O strokes*^] 
and works only one pump, so that the ijuantity raised ia ojl] 
8000 X 56 = 168,000 gallons a day. The engines employtJ 
as wo have said, are a pair of forty horae-power each,!) 
Kaye of Bury. The cylinders are 36 iuches diameter, isi 
the present cousumptjon of coal is 1^ tons a day of lufenot 
Slaffordahirc coal for raising 168,000 gallons to the top rf 
a atandpipe, the extreme lift being 320 feet. This oii^f 
requires the exercise of about eleveu horse-power duriug tht 
whole twenty-four hours, so that the conaumpti 

3360 lbs. 
u equal to " o ' j y i r = more than 16 lbs. per horse-power 

per hour. 

The duty of the engine, computed in the Comiah moil^' 
for 1 cwt. of eoal will be 

lG8,OOl)x320xlO . „ . , 

— — 30"^iirt ~ 17,920,000 lbs, raised one 

foot high by 1 cwt. of coal. 

The pump rods consist of whole balks of timber, eacli 
about 18 feet long and 12 inches square, united to each utbei 
with flush scarf joints plated with iron. The single pieces of 
balk forming each pump rod do not meet in the centre, but 
are connected by outside balks of siniikr scantling and about 
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HES feet long* These ontside connecting balks overlap the 

^Wkgle balk fonmng the pump rod rather more than 4 feet 

•"it each end, so that a space of 14 feet is left between the 

'abutting ends of the pnmp rod in the centre. In this 

central space is fixed the contrivance for adjusting the length 

of the pmnp rod, rendered necessary by variations of tem- 

peratorey &c. 

The Wolverhampton Company's engine, at Groldthorn, 
pumps from a well 300 feet deep into a reservoir cl9se bj. 
This is a Cornish engine of seventy horse-power, with wa 8 feet 
stroke and 45 inch cylinder, working a 15 inch pump and lift- 
ing forty-eight gallons at each stroke. Number of strokes 
4,400 in twenty-four hours; consumption of coal twcDty- 
three cwt. ; quantity of water raised in twenty-four hours 
.4,400 X 48 =» 211,200 gallons ; lift 300 feet. The duty of 
this engine is somewhat better than that of the Tettenhall 
namely, 

211 ^X800X10 ^ 3^g 

23 
fbs. raised one foot high by the consumption of one cwt. of 
coaL 

FORCE PUMPS. 

Another kind of pump frequently used in Waterworks for 
raising water, is of the description called force pumps, with a 
solid plunger piston, which works through an air-tight etuffiiig 
box in the cover of the pump barrel. Pumps of this kind, when 
used for raising water from wells, consist of the same principal 
parts as the lifting pump, namely : — 1st. The air-pipe below 
the barrel or body of the pump. 2ndly. The barrel in which 
works the solid plunger or pistOD ; and third, the rising oi 
ascending main pipe above the pump body. The air-pipe 
dips several feet into the water to be pumped, and is usually 
perforated at the bottom with small holes, which, while they 
fireely admit the water, serve to exclude sand, mud, gravel, 
and other impurities which might otherwise find tlieir way in. 
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pipe is provi(!eJ st the top with a valve opening 
wards and fixed somewhere between thelerel of water in the well 
and the body of the pump. The body of the pump is geue- 
ToUy a few inches longer than the stroke as it is called, and 
longer than the cylinder of iron which constitutes the solid 
piston. The body of the pump is either placed immediately 
over the air-pipe, in which case the upper ascending pipe b a 
little on one side, or the pump body is placed on one side, in 
which case the upper ascending pipe may be in the sfttne 
vertical line as the air-pipe. The pump barrel does not re- 
quire to be turned or bored, as the plunger does not fill up 
the whole space ; and, in fact, it is usual for the pump barnl 
to be an inch or so more in diameter than the plunger. The 
office of the plunger, which is raised by the depression of the 
piston in the steam cylinder, is merely to force up the water 
which has risen through the valve in the air-pipe. The uppor 
ascending main or pipe is merely composed of certain lengths 
of cast-iron, united by flange joints, and at its lower extremity 
is provided with a valve also opening upwards, to prevent the 
water which has been forced into the pipe from returning to 
the bottom of the well. 

Fig. 22 is a section of a force pump with solid plunger 

(piston, such as is commonly used for raising water from wells. 
Here J is the air-pipe, B is the solid plunger piston shown 
near the bottom of its stroke, C is the ascending pipe gtasg 
to the t ip of the well, D is the lower valve chest, and E the 
upper valve chest. The valves are Harvey and West's patent 
double beati that in E should have been shown open in conse- 
quence of the descent of the piston having forced up the water 
tand raised it into that position. For the same reason the 
valve in D is showu closed, and now sustains the whole pres- 
sure of the column in C. 

Let us now examine the action of the pump. The plunger 
is raised by the pressure of the steam on the piatoa in the 
steam cylinder, and as the covet of the pump barrel ihrongU 
^m wJikh it iForks is perfectly ur t\^ht., oo air can pass ia &OT^ 
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to the TDlume of the plunger. 
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the outside to supply its 
place. A partial vacnani ia 
therefore formed, which ia 
supphed by the air beneath 
the lower valve and between 
this and the water. After 
each stroke this air becomes 
more and more rare, and the 

feet , tdl at length the water 
in the well, pressed by the 
atmosphere outside follows 
the ascent of the piston and 
nges through the foot inlve 
into the pump barrel When 
this la tuU of water the 
plunger descends and presses 
on the water which can nei 
ther go bacit through the 
lower Talre nor escape 
through the cover of the 
pump barrel In fact it 
has onlv one mode of escape, 
namely through the valve 
of the ascending pipe and 
through this it accordingly 
goes eacli aucceesne stroke 
of the plunger sending into 
the ascen hng pipe a quan 
tity of wnter equal to the 
volume of the plunger itself 
This goes on till the ascend 
inj; pipe is full and then of 
course at each stroke it 
a quantity equal 
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From what lias been explained about t.he rise of wnltt 
through the lower falve in D, it will at once be seeo thil 
the pump would not act if the length of the air pipe ex- 
ceeds the height of a column of water, equal to the we^t 
of the atmosphere pressing on the same base. la otbc^ 
irords, the vnlvc at the top of the air-pipe must not be! 
higher than the correspondSug valve ia the atmospheric pump. 
The foot valve, or lowest fixed valve, in water works uii 
miniiig pumps, is usually placed in practice much nearer to 
the water level than in ordinary hand pumps, often onlf 
a few feet above the water level. 

The engines employed to work the pumps for niaitt 
water out of wella are essentially the some as those emplimi 
in water works for raising water from rivers or storage ffr 
servoira into high service reservoirs, and over stand pipa 
for forcing it through a train of pipes. 

A description of the steam engines will be given under the 
general head of pumping apparatus, where also the valrei 
used in the pumps of modem water works will he described. 

PCMPING APPAftATUS USED IN RAISING WATBR FOa 

Some account of the pumps used in raising water from 
wells will also apply to this part of the subject, as the 
pumps used in that kind of work contain the additioa of a 
rising main to the ordinary parts of a pump. In the present 
article we shall treat only of the pumps used for raising w«ler 
from the level of the earth to a still greater height. 'WesluU 
also briefly describe the kind of engines usually employed fw 
pumping iu water works, whether for raising water from weill 
or for pumping it from the surface of the ground into el^ 
rated reservoirs, for tlirowijig it to the top of stand pipes, or 
forcing it through troina of pipes. 

The same kind of pumping engine is applicable to each 
kind of work, and therefore may Lie most conveniently in- 
cribed under the general hesd of engines. 
The two principal varieties o^ s*,«KOi ea'jj.uea used for pTimp- 
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purposes, are condensing low pressure engines, condensinB 
pressure eagiues, and ordinary non- condensing liigl 

: first and third varieties are not extensively used i 
n water works, and are being very generally aaperseded 
i condensing high pressure engines, working expansiveM 
i Cornish principle. 

1st. Low pressure condensing enginet. — Tiiis form 
Idly made on the pattern of Boulton and Watts' single' 
Bg engine. There is little or no expansion of the steam 
s cylinder, although the steam is usually cut off when 
piston has made from f to J- of the stroke, in order to 
rant tlie danger of breakage from the piston striking the 
n part of the cylinder. Tbis kind of engine is usunlljT] 
;d to work a lifting pum|), as at the East London Watei^ 
s, but is also sometimes used for working a plunger pole, 
t tbe Birmingham Water Works. When working a lifting 
]p, the steam being admitted at the fop of the cylinder, 
esses the steam piston and raises the solid pump piston, 
h is attached to tbe other estremity of the beam. The 
p rod ia only loaded with a sufficient weight to overcome 
jin, to raise the steam piston, and cause tlie pump piston 
eaeend to the bottom of [he pump barrel. The engine 
5 single acting, only raises water by means of the down 
Le in the steam cylinder, corresponding with the up 
[B in the pump. Tlie condensing low pressure engine at 
East London Water Works, which is a single acting 
e, by Bowlton and Watt, has been described in great de- 
y Mr. Wicksteed, who has published valuable plates of 
I engine, and of the first Cornish engine which was erected 
tlie work of pumping in the metropolis. The Bonlton and 
t engine has a steam cylinder of (10 inches, the piston 
ngaetrokeof 7'91feet,andmakuig U^ strokes per minute; 
i diameter of the pump is 2f^ inches, and that of the pump 
4J inches, the stroke being 7'9! feet, the same as that of 
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\t piston in the rteam cylinder. The water is raised n 
ftct higfa. 

The power of the engine is thus calculated hy Mr. WiA- 
Ueed. He fint finds the load on the piston in this miuuier. 

DiuDCterorpomp S'i - ^'^ 

Lew iroof pamprod *i ■ ■ 19 
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a™. lift. - 

Then 3Bfl » 107 " 62-5 = 25917-5 - 
Ihf load on Ibe piiton — 

L«d. «nl>t. micula. Lb<. 

■nd 25U47-S » 791 K Hi = 2,360,314 
iflcd one Toot liigh per minute, 

and i:55£:lli =71-5 bone power. 
33O0U ' 

The power for each stroke U li_— 8*22 hones netrly. 

The boilers of this engine are of the form called waggon 
headed, and the presstire of the steam in the boilers is aliout 
' 18 lbs., its pressure in the cylinder being about 10^ lbs. 
Tlie duty or useful effect of this engine, according to a great 
number of eiperiraenta tried by Mr. Wicksteed, was eqns! to 
47,718,08-1 lbs. lifted one foot high by the consumption ol 
1 cwt. of the best Welsh coal. This, as will be seen hereafter, 
s than half the duty performed by the Cornish engiuCi 
Bt the same works and with the same coals. 

Fig. 23 is an elevation showing the arrangement of the sir- 
pipe, and the pump in the nell as worked by this engine, i 
I air-pipe, Ji the body of the pump, in which workB a 
solid plunger piston, C is a blank pipe supporting the upper 
valve box. J) is the pump rod, and E a counterbalance, eon- 
isting of moyeable east-iron weights. I' is, the air vessel into 
which the water is discharged hy the pun^p. The wnler 
lally stands in the air vessel, within B feet of the top, the 



lop, the I 




Scale 1 inch = S feet 

ipressed rur in this upper part senmg to equalise the 

tstire of the wnter in the mam pipe G li ore the ^alve 

boxes, and I \s the tnam pipe through which the water 

passes for the supply of the dislnet K K\s the pump well, 

iWid u b the usual surface of the wat«r, 
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The aiagle acting Boalton and Watt engine has been 
plied willi perfect success in pntnping at the Birmingtiial 

■r Works. The absolute lift of water here is 252 fett 
ixnng considerably greater than at any of the London woibi 
and the pressure is further increased by fricrion in the pipea ' 
About 285. Two Bonlton and Watt engines have lately be« 
rreded at these tiorks, each with 10 feet stroke and 72 iicli 
cyttnderi. Each engine works a plunger pnmp 23 incha 
diameter and with 10 feet stroke. The weight of 
be raised at each stroke is equal to 51411 lbs., or rather 
Ihjui 22 tons ; but the total weight upon the plunger required 

-ercome the load upon the air pump, the friction of the 
fnghie, and to maintaui a velocily of 10 strokes per minute, ii 
nearly 26J^ tons, which is c<]unl to 142 lbs. per square incb 
the area of the 23 inch plunger, and 14^ lbs. upon ibe 
■team piston. According to Mr. Wicksteed's mode of calcu- 
lating the power of this eii^e, the weight of the column of 

■ would be used to repfeaent the resistance ; while, aceotd- 
iiig to others, the whole resistance of 265- tons would be nxi. 
Tiius, according to Mr. Wicksleed, the power would be 



.'iUll xlOx 10_ 



156 horses; 



33UU0 

but, according to the other mode, the po' 
2G iX 2240X10 



330UO 



=;1S0 horses nearly. 
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These engines pump into an air vessel of 7 feet i: 
diameter, and 18 feet high, or 15 high above the delivery 
branch into the main ; and it is replenished with air l 

'parate small pump of 6 inches diameter, aud 3 feet G inches 
atroke. 

An excellent description of these engines was lately read by 
Mr. Garland of the Soho works,- before the Institution, of Ke- 
ohanical Engineers at Birmingham, aud as this description 
fiontains many particulars which have not been preTioualy no- 
ticed with respect to pumping enguies, we have thought it 
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(Qvenient to present the princi|)iJ part oi the details M 
nn by Mr. Garland : — 

The cylinders have steam-cases, and are enclosed in a corer- 
ig of felt, having an outside casing of wood, to prevent the 
diation of hent; and the top of the cyUnder and upper 
ttzic are corered in a similar manner. 

The steam valve, equilibrium valve, and exhaustion valve, 
e 13, 15, and 18 inches in diameter respectively, and of the 
lable-boat constnietion, by which is removed the prinoipal 
rt of the pressure, that the common conical valve is Bub- 
it to. The steam governor vaive is made of the ainglo 
uioal form {there being no necessity for making this valve 
lOn the double-beat principle), and it ia regulated by a 

aad wheel handle. 
The load on these engines ia a variable one to the extent 
the difference of the dead level of the upper reservoir, and 
e amount of friction of water in transitu ; and it some- 
happens tiiat the wnter is being drawn off foster than 
le engine supplies it, and the Telocity of the water beyond 
'here the great (iraught occurs is consequently decreased, and 
the resistance pro portion ably diminished. 

To prevent any accident to the engine by going out too 
raddenly in consequence of this diminished resistance, a 
throttle valve is placed between the upper and lower nozzle, 
pe commnnicatiDg with the top nnd bottom of the 
cyhoder, which is regulated in its opening by a screw and wheel 
.ndle, and by contracting the passage, or, iu other words, 
ilffire-drawing the equilibrium, the equalisation of pressiire 
letween the tTop and bottom of the cylinder is more slowly 
^niied during the time the plunger is descending, to the 
iDt which the weight is in excess of the diminished resist- 
j. In these engines this valve has been foundof invalnable 
'ice, and it will even hold the plunger at the top of the 
stroke. It acta exactly hke putting on a break to s crane 
■when loworing a weight, without absorbing any power or 
.causing any disturbance to the working of the en^es. ^^ 
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The opening of the steam injection aod exhaustion tsIk^H 
regulated bv a cataract, and the speed of the engine is tlmi I 
iiu<ier the control of the engine man. The equilibrium ralte j 
is opened by quadrant catches, and is dependent upon clo^g 
of the exhaustion valve; the former being opened nponthe 
dosing of the Intter, and shut in the usual manner by a tappet 
upon the plug rod. 

Tbe injection valve is also made upon the double beat prin- 
ciple, to render the strain upon tbe exhaustion valve spindle U 
little M possible, by relieving it of all unnecessary pressure, 
ibc underside of it being open to the condenser. 

the event of the bursting of any pipe in the main, utd 
the resistance to tbe plunger being suddenly removed, a detent 
is fixed upon the plug rod to prevent the repetition of a blow 
upon the spring beams by tbe catch pins. This detent come) 
into action upon the engine making more than its usual length 
of working stroke, by holding tbe steam handle down, nnd 
preventing the opening of the steam valve. This adjunct 
to the hsnd gear, though it may never be brought into opera- 
tion from such an occurrence, would evidently he of great 
Ine in such a case. 

The mr pump is of 34 inches diameter and 5 feet stroke, 
:d the condenser of similar capacity. The air pump backet 
fitted with a brass annular or ring valve, and the delivery 
and foot valves are of the usual construction, or what are 
termed fla]i valves. A vacuum is obtained varjing from 27 to 
21) inches, according to the state of tbe atmosphere. Each en- 
gine has its separate condcuser cistern formed of cast-iron, 
nliich is supplied by n cold water pump of 13J inches diameter, 
mnking a 6 feet stroko. Tha feed pump is of 6| inchee dia- 
meter and 2 feet 6 inches stroke, fitted with an air vessel- 
Tho plunger of the main pump is, as before stated, 23 inchM 
diamoter,aDdhaB the same length of stroke as the steam pieton, 
viz., 10 feet. The suction valves and delivery valves of tho 
pnmp are of the doablo-boat kind, and fitted in pairs for the 
[Oia of giving additional security to tho action of the pi 



I SAtemG WATER. 



^^1 the event of one of them sticltiog or becoming otherwise 
deranged. 

The air Tesael is 7 feet intcmiJ diami'ter and IS feet high, 
or 15 feet high above the dehvery branch into the main, anJ it 
is replenished with air hy a separate pump of 6 inches diame- 
ter and 3 feet 6 inches stroke. An air-cock is fixed upon the 
enction pipe of this pniup, by which is regulated the necessary 
^ <quantity of air to be aupphed. This cock only requires to be 
^kpuiiaJly open, and when closed entirely the pump iifta water 

B The air-vessel is of great importance, as by ita equalising 
action the motion of water in the mains is rendered continuous, 
and a less weight, in consequence, is required to gire the ne- 
cessary Telocity to the descent af the plunger in the ouc-doot 
stroke. At the top ot the pump plunger is Sxed the pole 
ease, containing the necessary weiglits to OTcrconie the load or 
resistaoce, and, as before stated, is equal with the plunger and 
rod to about 26^ tons. 

Upon the first delivery pipe joining the air vessel is fixed a 
safety discharge valve, C inches diameter, loaded by a lever and 
weight a little above the jiressure upon tiie main, to prevent 
any undue force being thrown upon (he pump from the acci- 
dental shutting of the sluice cocks between tbe engines and 
tbe town. 

The main lever or working beam is 30 feet long, cast in two 
plates each of 3 inches in thickness, and tbe depth of it in the 
middle is 6 feet, and at the ends 2^ feet. Each of the pluin- 
mer blocks has saddles of cast-iron between them, and wooden 
spring beams 30 inches deeji and 20 inches wide. 

It may be interesting to state that the quantity of water 
lifted by every stroke of each engine ia equal to 160 gallons, 
or 1,800 gallons per minute, and 108,000 gallons per hour, 
weighing upwards of 463 tons lifted in each hour. 

Mr. Garland further stated, in explanation of bis paper, that 
the pressure of steam was about 1 2 lbs, per square inch ia the 
cylinder, and that it was cut off at one-third of the stroke, es- 
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pNnding tlirongh the renuming two-lhirds. The nctvjsl diil; 
!)ot been ascertained, because the liiel used coiisisied of 
Suflbrdshire small eoal or alaek. The eTaporstire faloe d 
this, a« eoDiparrd with the best Welsh coni (which is com- 
monly nsed in testing the duty of a pump engine), has not 
asecrtatned. He staled, in answer to a qneatioD, that tiie 
■mall pump had been found necessary to replenish the m 
vessel. It is certain, however, that there are many iastaaut 
of air vessels attached to pumping engines in London andelse- 
e, without the addition of any such pump to suppl; (ho 
sir Teasel. 

Mr. Cooper, who was present at the discussion which fuUowed 
Mr. Garhtad's paper, expressed an opiuion, that it was pre- 
ferable to make a pumping eugine double acting ou the bucket 
id plunger plan, with the plunger half the area of tiie 
bucket, so B3 to pump half the water in the up stroke, auil 
half in the down stroke, thus enabling an engine and pump of 
half the size to do the same work ; also to add a crauk nnd% 
heel, and work at a higher speed, which further reduced tbe 
zeandcost of engineandpurop. Mr. Cooper mentioned an iu- 
rtance of some works where there were four 1^0 horse power 
engines working very satisfactorily on thb plau from 12^10 
21 strokes per minute, with 7 feet length of stroke. £ut be 
considered the horizontal engine with direct acting pump aiitl 
crank, was the most advantageous and economical, when the 
water to be pumped was near the eiigiuc house flour. 

Double acting condensing engines are also occasionally em- 
ployed for pumping, and so also are direct acting engiues 
working without a beam, the steam cylinder being placed 
directly over the barrel of the pump. 

Id many of the American nater works, as at Pittsburgh, 
Alleghany, and Detroit, high pressure non-condensing engines 
are used for pumping. The work of these, however, does not 
lippear to be very satisfactory, as a recent report on the water 
works of these cities gives the duty performed by the pmnp- 
ing engines there. The steam is generated b^ means of wochIi 
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I. vnlue of which for eraporaliog purposes, as compai 
;ifi bit uminoas coal, ia well known by the American engineers. 
The following table shows the duty of several of these high 
; I. isure non-eondensing engines, from a recent report of the 
i^ineer of the Detroit Water Works, reduced to tlie English 
Liidard of lbs., raised one foot high by the 
Hit. of coal, 

r>tjurgh Upper Wster Works Engines, dale 1S52 
Ditto, Loiter works .... 



In Cincinnati and other towna, there are both kinds of e 
i^ios ; namely, condensing and noii- condensing lugh pressure ■ 
lilies. This practice of adopting both kinds is worthy of 
iL'iit.ion. The ordinary and regular work ia assigued to a 
iiidensiog double acting engine, working espansively like our 
(irniah engines ; and the duplicate engine employed for ocea- 
iinal work, and to serre in case of emergency, is a high 
i'ssure non-condensing engine, with much smaller cylinder 
,111 the other. This gives the advantage of great economr J 

(he regular contuiuous working of the condensing engine/B 
(I as the high pressure engine is much cheaper to er 
■, ls a considerable sum in the tirat outlay. Mr. McA!pine,B 
I ilebrated American hydraulic engineer, has adopted this 
:tlii>d in most of his recent works, as in Brooklyn, AlbanjiB 
;iiongo, and other places. 

'I'lius, at Albany, where two million gallons have to be raisejB 
lilv to a height of 156 feet, and another million to a heighCI 

■2-'f8 feet, exclusive of friction, Mr. McAlpine proposes a ■ 
■iible-action condensing Cornish engine for the regular pump- 1 
L- ivork, with a duplicate no n- condensing engine as a reserve. . 

The Cornish engine, to have a 58-inch cylinder 12 feet 
-uke, and to be worked at 11} double strokes a ininute^Stenm 

lir.iler 30 lbs. per inch ; ditto in cylinder, effective pressure 
non-condensing engine to be made horizontal. 
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■nil [o work ilttuxx at a pressure of 70 lbs. 
the piston, cutting off at J stroke, making twenty t 
per miDute, &nd calculated to do the whole work hy \ 
iiig twenty hours a day. The cyliuder to be 24 inch* 
meter and 6 feet stroke, giving an effectice velocity c 
feet per minute. The condensing engine to work two p 
each m inches diameter { the non-condensing engine to i 
same work with one IS-inch pump. 

At Chicago, where three million gallons a day have 
raised 90 feet high in twelve hours, Mr. McAlpine pri 
a condensing engine with a 46-iuch cylinder, 9 feet s 
making ISJdouble strokes per minute, effective velocity S^ 
per minute. Steam in boilers and cylinder the same as at A] 

As the duplicate engine is to be used only for short 
vals, cheapuess in its construction is more to be regardec 
economy in using it. Ue therefore proposes to mitke t 
the minimum size, neccBSBry to afford the reiiuisite sup 
water, by working the whole twenty-four hours. For th 
gine he specifies a steam cflinder of IS inches with 
stroke, piston travelling 240 feet per minute, using ste 
80 lbs, pressure at the cylinder, and to be cut off as bef 
three-fourths of the stroke. This engine to work horiio 
and to drive an llj-iuch horizontal pump by direct actiot 

The Brooklyn works are much later and of more 
date than either of the others. Here the work ' 
done is equal to raising 5 miUioa gallons per day, t 
height of 190 feet in twelve hours. To perform this 
Mr. McAlpine proposes a double acting 72-inch cy 
Cornish engine, working expansively, and using steam of i 
pressure per square inch of the piston. The duplicate i 
here is to have a 30-iuch cylinder, and to use steam as 
of Hfljba. pressure. 

The performance of the small high pressure steam engii 
farm purposes, exhibited during the last few years at the 
of l!ie Royal Agricultural Society, is calculated to excite 
Mtonishment. It is no uucommon thing to find these 



^bnes of sis or eight-horse power, reported as working with 
^Kb. of coal per borse power per hour, which is equivdlcnt to 
^Hity of more than 44 millions. Considerable allonaaces, 
Hvever, must be made from this large amouot of doty, as it 
1« almost certain that the whole working power of the cngiuca ii 
estimated, and no distinction mode between the power ahsorbea 
in uvereomiag friction and that producing usefid efTcct. 
certain that the recorded performance of those engines doea not' 
represent the actual duty, as wc have no instance of high pres- 
sure engines anj-where, and, under any circumstances, working 
nth a. duty much exceeding twenty million pouiids^lllbs. of ■ 
r horae power per hour. 
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Most of these engines are single acting, like the condensing 
Boulton and Watt jiiimping engines, the principal distiuctioa % 
lieing that they work with steam of much higher pressure; that 
iliis steam is cut off after perforniing from one-eighth to one- 
Itiird of the stroke, and that the cylinder, boiler, and steam pipes 
ire Tery carefully clothed with noD -conducting material to pre- 
sent any loss of beat by radiation. The Cornish engine at the 
East London Water Works, which has been described by Mr. 
Wicksteed, has a cylinder 80 j inches in diameter, with a stroke 
of 10 feet. It works a pump with a plunger pole 41 inches 
diameter and stroke of 9 feet. The engine usunUy makes 
eight strokes per minute, and forces the water to the top of a 
stand pipe 108 feet high, above the surface of the pumpiogj 

Calculation of the power of this engine ; — 



108 X e2-5 — G I, t5S4 resistance to plnr 

9 ft. punij) stroke. 
il,884 X — — .'.5,695-6 lbs. load on 

10 ft. engine stroke. 
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Length Sirakei 

Then 55695-6 x 10 x 8 = 4,J55.64S lbs. Meami 
root high per niinule. 
4,456,648 

And = 135 horses. 

33,000 
135 
10 — = 1C'87S horses for encli stroke per muinte. 

8 

This is the power at which the engine aeluflllj works, bill 
Bccording to the Cornish method of estimating horse pova, 
I 80 inch cylinder engine would be capable of working tt t 
lUch higher power than this. The Coruiah makers usudIIj 
construct their engines of this size, capable of vorkiog wilii i 
pressure equivalent to 15 lbs. per square inch acting ui* 
formly on the piston, and the effective velocity of the piston ia 
n at 110 feet per minute, which is equal to II doulib 
strokes of 10 feet each per minute. Uencc the power ofthe 
engine would be 

square iiH. area of Ra.prcs- Velocirv 
piTiton-nicl. square iacb. miniile. 

5019 X 1.5 X 110 

— 251 horses. 

33,000 

This engine, when making 8 strokes per minute, lifts Bw 
cubic feet per minute, or 5,940,000 gallons in 24 hoon. 
When making 1 1 strokes per minute, the quantity would be 
8.107,500 gallons iu 24 hours. 

Fig. 24 is the elevation of the forcing plunger pump worked 
by this engine, showing also tlie pumping well and the stati 
A is the wind bore or air pipe of the pump, B is tb( 
pump barrel or pule case, C ia the plunger jiole, D ia llie 
r, and E the upper valve box, F is tlie delivery pipe Jeiwl- 
ing to the stand pipe G ; JI is the pumping well to which the 
water is conveyed by a culvert from the settling 
filter beds, and a £ is the level of the water in the well, 
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In the ordinary working of Cornish engines the steam is 
aised in the boilers to a pressure varying from 35 to 50 lbs. 
>er square inch> and is cut off from the cylinder after the 
)iston has passed through a distance varying from one-tenth 
;o one- third of the stroke. It has been observed that the 
iuty of many large pumping engines in Cornwall has been very 
^reat when they were first erected, and that the duty after- 
eirards fell off. Mr. Wicksteed explains and accounts for this 
by saying, that at first the mine is not deep, and the engine is 
worked far below her full power, consequently the steam is 
cut off when the piston has performed only a very small part 
of the stroke. In proportiop as the mine becomes deeper, 
the work required from the engine increases, so that the 
expansion of the steam is not carried to the same extent, and 
the duty falls off. 

Mr. Wicksteed made some very interesting experiments 
}n the Cornish engine at the East London Water Works, 
ivhich amongst other things, show the effect of expansion at 
iifferent parts of the stroke. 

Thus, when the steam was cut off at -^ of the stroke, the 
iuty of the engine with 112 lbs. of Welsh coal of the same 
quality as used in Cornwall was 7G'7 million lbs., and when 
:he steam was cut off at -^-^ of the stroke the duty amounted 
x> 105*7 milUon. These experiments were made in the most 
ireful manner, and extended over a period of several weeks. 

In these experiments the steam pressure in the boilers varied 
Tom 30 to 52 ibs., the pressure in the cylinder before cutting 
)ff the steam varied from 15 to 20 lbs. per square inch, and 
:he mean pressure of the steam on the piston varied from 
13*08 to 15*54 lbs. per square inch. 

The large amount of duty reported of the Cornish pumping 
engines has given rise to a great deal of discussion within the 
ast few years. When Mr. Wicksteed first visited Cornwall 
hirty years ago for the purpose of examining these engines, 
16 found one of the engines at the Fowey consolidated mines 
loing a duty of 83,000,000 lbs. with a bushel of coal. TV^o. 
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IF 
■night of the Comisb bushel of coals was at first gi 
b 84 lbs., but was since more accurately ascertd 
M lbs. Hence the duty of tbia engine naa atthaa 
Bwrly 100,000,000 lbs. for I cwt. of coal. This 
■ince been considerably eiceeded, but Mr. Wicksteei 
' hini self from the enquiries and observations he was tl 

make, that the Coraish engine would effect a sariiig 
fwo-thirda of the coals if used for pumping by thi 
Water Companies. In addition to the use of higl 
steam and the practice of cuttiug it off and working 
nvely, the Cornish engines differ from the Boulton 
engines in the following particulars. 
, iBt. Tbe boilers are not waggon shaped butcyliud] 

tng in most cases an internal tube traversing the bo 
titdiiinlly. t 

2nd. Tbe boiler, tbe cylinder, and steam pipes): 
plelely eased with non-coii ducting material, every ] 
Ijeing taken to prevent radiation of heat. The consi 
that the engine room is at all times perfectly cool, 
little heat is lost, even when the engine haa to star 
Severn! hours. 1 

3rd. The steam and exhausting valvea, as « 
pipes leading to the condenser, are of very large em 
the valves are capable of being Ojiened with great| 
consequence of which they are worked with mudv 
lion of strength than in other engines, , 

I 4tb. The length of the stroke is greater and the i 

I strokes per minute fewer than in other engines. 

I 5tli. The engine man possesses the most perfect 

regulate the number of strokes, by means of the 
Mr. 'Wieksteed observes, that this contrivance is 
applicable to engines for water works, where the de 
' water increases every year, and where tbe power mat 

in proportion. i 

Gth. The Cornish engine, being put up at fitaCi 

KitT than is actually required, say to work at firatfl 
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cat off at one-sixth part of the stroke, will contiuue to be 
•dapted to an increase of work much longer than any other 
form of engine, hecause an increase of power will be obtained, 
both by working steam of higher pressure, and by allowing the 
steam to act on the piston through a greater proportion of the 
length of stroke. In this way the expense of additional 
new engine power may he longer deferred when the Cornish 
engine is nsed. 

The other advantages which Mr. Wicksteed enumerates 
have chiefly reference to the pumps being worked by solid 
plunger pistons, and with an improved form of valves. These 
advantages, however, are not confined to the adoption of the 
Cornish engine, as the plunger pump with solid piston is fre- 
quently worked by the Boulton and Watt single acting engine. 
The celebrated double heat valves of Messrs. Harvey and 
Vest, which are nsed so generally in the pumps worked by 
Cornish engines, are equally applicable, both to Hfting pumps 
and forcing pumps worked by other kinds of engines. 

THE VALVES USED IN PUMPS. 

In both lifting pumps and force pumps there must be 
at least two fixed valves. Although, of course, these valves 
open and close, they are called fixed, in contradistinction to the 
valve which is placed in the moveable piston of the common 
atmospheric pump. The seating of the valves, however, or 
the part on which they close when shut down, is the only part 
that is really fixed and immoveable. The two kinds of valves 
formerly used for pumps in water works were called " butterfly 
valves" and conical valves. The first kind was so named, 
from a fancied resemblance to the wings of a butterfly, the 
valve being composed of two semicircular disks, hinged to the 
seating along the diameter of the semicircle. The conical 
valve was of metal, both the valve and the seating benig accu- 
rately turned and fitted to a true conical form. This kind of 
valve is shown in the section of pumps employed in the mine 
of Huelgoat (fig. 18, p. 234). 
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Both the CDuiral hod the butterfly form of valve, hom 
have been entirely superseded by Harvey and West's palent 
double beat valve, which b now almost invariably used in aU 
large pumps. 

The seating of this valve consists of a circular riug, on wHch 
the lower part of the valve closes or beats as it is called, and' 
of a circular plate of somewhat less diameter than the ring.' 
ID the ouler edge of which the upper part of the vain 
beata — hence the name double beat valre. Figs. 25 and 0, 
Rg. as. 



Lff 







respectively an elevation and section of the seating. In 

figures a is the circular ring on n hich the ba«e of the valve 

beats, and 6 is the cironlar plate on which the upper part of 

the ralve beats, c is a cylinder cast upon the seal and turned 
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Itly true, so as to form a guide for the valve to work 
md keep it iu ita pkco, and d ia & cap bolted on tiie 
r to stop the upward motion of the valve and prevent 
H rising too high, 
valve itself may be described as a sort of double 
within the other, forming one jiiece entirely open 
Ibottotn and partly so at the top. Figs. 27, 28, and 29, 
Fig. 27. 
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p!»n, elendon, «nd section of the T«lve; eeenie lie 1 
the top of tbe Ttlve;/ia the part which embrsKj 
anil vorlcs on the cjlinder r. j is the npper ring which bead 
on the plate £, and A is the lower ring of the valve, which beats i 
on the lower put of the seat a. The actual heats 1 1, (tig. 26} I 
on which the parts of the valve rest when closed, are either J 
formed hy a raided ridge cast or wrought opon the seat, and I 
fiiced or turned tme, or are formed by introducing into cireiilu f 
grooves, cast in the seal, a ring of wooden wedges or of * 
metal, the top sarfBce in either case being faced or turned ti 
to receive the valve. The patentees prefer wood or soft meUll 
for the bentisg surfaces. The two rings g and h must also b( I 
faced or turned true, so as to fit Hccurately to the beadngl 
surfaces when closed. A shows the part of the valve 
is exposed to the pressure of the atmosphere, or to the for* J 
created hy the motion of the piston, according as tlie 
the lowest or the highest in the pump. This area most be i)(| 
such a size, that the pressure acting on it will overci 
weight of the valve, and c&use it to lise. Figs. 30 and 3) 




are two sections of the valve and seat, the former showi 
valve closed and the latter open, the arrows marki^ 
course taken by tlie water passing through the valve. 
2j to 31, inclusive, are drawn on a scale of 1 inch to 2 




e great advantages of thia valve over the old forma of 

rfly and conical valves, are the following : — 1st, as the 

^of the valve exposed to the pressure of the column of 

r to the action of the piston upon its return stroke, is 

lerably less thanin any other form of valve, the blow and 

jqnent vibration caused by the shutting of the valves is 

niflhed in proportion, and less costly foundations are there- 

r required; 2ud, the loss of water upon the shutting down 

I is considerably diminished. 

The testimony of engineers, itnd aU -who have ever been 

i^niicerued in the worting of punapa, ia universal in favour of 

*)!.'Re valves, which work withont any of the jar, noise, and 

illation of the old forms. They open and close quietly, and 

■ ik for years without appearing to be perpetually trying to 

li slroy and knock themselves to pieces, an idea which the. 

cilj butterfly valve especially prompted in all who witnessi 

itfi performance. 

Wood faces were originally used for the valves by the 
f i:ri tecB, but these are now frequently superseded by a mixti 
ni tin and lead, forming a cumposition, which is run into 
iIi.>vrtaUed groove in the seat. The valves and the 
.: idly of cast iron. At the BiTmingham Wafer Works the 
: lips are 28 inches in diameter, and each pump is provided 
. .Lli a doublo system of valves one over the other, in order to 
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give additional eecurity to tbe action of tlie pmnps, vliich 
work tinder an DnaeQall; bigb pressure. Theee vuliea b& 
OD Harvey and West's principle. They act so perfectly titl 
the blow when shutting ia scarcely perceptible. The; wu; 
taken out ailer six months' work, and the beating tkcesil 
them were as perfect as tvhen first put in. 

Mr. Marlt'D* says, before the introduction of Horreyuil 
Wort's doable bent valves, bo great was the objection to tlit 
old form of butterfly valve, that the Cornish engine ^asoi' 
the point of being abandoned in despairwhen first introdueei 
into water works. The conouasion caused by tbe siidd^ 
closing of large bntterfly valves acting under greiLt preB9Ut 
was eo severe as to occasion serious alarm for the eafe^d 
the machinery and fonndations. 

The beanlifol principle adopted in Harvey and ¥«st 
valve for regulating the area of the part gubjected to Sn 
pressure, entirely obviates this seriouB objection. 

Mr. Marten says, lor ordinary purposes, as for coUiU; 
pumping engines, and where the lifts are small, tbe bnttei^ 
valve ia very serviceable and economical ; as there ue ^ 
expensive faces to be ground, the valves ore not llat^e I 
derangement by grit and other impurities in the watei| U 
they can be readily repaired on the Epot. 

For a class of work one grade higher than ordinaryi Ifi 
Marten recommends tbe double beat ring valve, and obsem 
that as large valves from 16 to 20 inches diameter, Uii 
work well when made of cast iron with wooden beate. 
the valves are Emallor, they are better with gun melt 
working face to faee. 

The following description of a new kind of valve nsei 
the Hull Water Works is given by Mr. Marten in bis rei 

" The valve consists of a pyramid of circular seats 

above another, on each of which there are a number ■ 

circular beats about 2 inches diameter, into which dro; 

• Paper read before the InBtitution of McchBulco! Engineeta. 
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tieepcnding number of gutta-percha balls. The action uf 
b ralve is very simple. It wns invented by Mr. Willi 
oskiag, aud inserted in the place of r double beat valve. 
IS 22 inches diameter, aad works under a head of IGO feet, 
connection nith a pluager pump, with a direct action st 
'linder. Immediately upon starting, it was found that this 
dye lightened the burden of the engine about 1-J cwt,, and 
liKS since been working with great eatisfoctian." 
This valve is said to act entirely without concussion, and 
I be almost entirely free from any danger of stoppage or 
Juiy by extraneous bodies getting jammed in. 
The valve at Hull contains 56 of the small gutta-percha 
lis, which, being very little heavier than water, are lifted 
■h the greatest ease, and therefore reduce considerably the 
ight on the engine as compared with any fonn of metal 
ve, the latter frequently weighing as much as 5 or 6 
Mr. Marten enumerates many advantages possessed by 
n of valve, one of these being the ease with which it 
repaired. Scarcely anything can get out of order, 
it the gutta-percha balls ; and it is only necessary to keep 
■ spare ones in readiness, while those which are damaged 
e warmed and recait in a mould kept for the purpose, 
h they are again as good as new. This form of valve is f o 
used for the pnmps of the South Staffordshire Water Works 
s specilicatiou in the Appendix). 



I OF PUMPS. 

ao capacity of a pump, unlike that of the cylinder iu the 
ine, is independent of the height to which the water is to be 
id. Tho dimensions of the pump are regulated aimply by 
quantity of water to be pumped. Its capacity must ba 
l» as to conlaia the quantity of water to be raised at each 
ke of the piston ; and hence if we have Q ;= the gallons to 
tiaed in one minute, aud m ^ the nambei of strokes per 
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minulc, then the cipaaty of the pinop must be equal lo 

Put d ^ diameter of a pump barret id iacbes, / = its leagtli 

in feet, " ^ its capacity in giilloDs. Thea as a cuLic fool 

coutaiua 6'25 gallons, we bave 
tT X -7854 X ; X 6-25_Q 



This being reduced becgues 



■034\)9ii*l = ~ (1) 

Q 



•(KiAOBd^t 



■■I (2) 



aud a/IZ? = d (3). 

On these simple eipresgiona is founded the rule vhich 
appears in many elementary works for finding the number 
of gallons iu a yard, s foot, or any other length of pipe rfi 
giren diameter. 

To fiad the gsllona in a foot of length, take the squsn of 
the diameter in inches, strike o£F one figure, and divide by 3. 

To find the gallons in a yard, square the diameter as befon, 
and strike off one figure. 

Example : llcquired the content in gallons of a pipe 19 
inches diameter, with lengths of 50 feet and 50 yards. 
225 

Here 15x15 = 225, and — 5- = 7-5 gallons per foot; 

then 50 X 7-5 = 375 gallons ; also 22-5 gallons per yard; 
then 22-5 x 60 = 1 125 in 50 yards. 

This rule, it will be observed, is slightly at vsrianH 
with formula (1). It in fact supposes the factor to be 
■033 instead of -OSIOO. This slight differeoce 
little consequence in practice, and in fact the popular mlo 
will agree almost esaetij with tho formula, if we take tlw 
contents of a cubic foot to be 6'23 gallons instead of d-U, 
the former qonntit; being tho one commonly asEumed 
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« engineers. Tt is evident, if we wish to know the wetgfil 
water iu n pump barrel or pipe, we have only to use 
I factor with the decimal point one place removed, namely, 
m instead of 03409. In the same way, the weight of 
ia lbs. in a yard length of pipe will, of course, be 
iply the square of the diameter in inches. The Cornish 
c reporters, in calculating the weight of the column of 
ter lifted by their engines, use the factor 2'045'], which is 
actly six times -3409. They then multiply by the lift ia 
thorns, each of which is, of course, equtd to 6 feet. 

squired the diameter of a pump with a ID feet stroke, 
ing 12 strokes per minute, to raise three million gallons ia 



I 




Pie American engineers are in the habit of adding one-third 
ff leakage, so that, according to them, a pump to do the 
liOTe work would have to be 



/23I-: 



" 034Q9 irT()~ V^'S = 26 inches diameter. 



I CALCnLATIfil 



jRie work performed by steam engines is commonly ex- 
psed in what is termed horse power ; that ia, an engine 
mid to be equal to the work performed by a certain ni'mber 
horses. The standard which has been fixed on to represent 
e work of one horse, is equal to 33,000 fts. raised through 
e of one foot high in a minute. This is equivalent to 
kg, that a horse walking at his most effective Epecd of 
n hour, or 220 feet per minute, and attached to 
ifht of ISOfta. freely suspended over a pulley, will raise 
weight at Ihc same rate of 220 feet per minute. Using, 
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tlien, tliis BUndard for computing tbe nork of 
•tand&Td which has hetn agreed to by the mechani 
roiinlriea — we obtain a very ready method of detenniauif] 
th* horse power required to raise nny given quantity 
to anv required height. Tbe data required for this pi 
ar« the quantity to be raised in any given unit of time, 
the height to which it is to be raised. The quantity is sit 
to be reduced to the weight in pounds raised per 
this weight is to be mnhiphed by ilie height in feel, and ti«] 
product divided by 33,000 in order to find the horse ponf 
required to perforin the work in quesUon. 

A gallon of lUstilled water, at a tetnperati 
renheit, weighs exactly 10 lbs. avoirdupois ; so that br sd£q 
a cipher lo any quantity expressed in gallons, we obuin lit 
weight in pounds. Suppose, now, it be required to find tH 
horse power capnble of raising 350 gallons of water per 
toaheightof iro feet. Here we have 350x lO=3,500fti. 
to be hfted per minute, and 3,500 X i;o = 595,000ibs, liM 
S9.i.000 
33,000 

When the quantity is e:(pressed in gallons to be raised to 
a given height in 2J hours, it is necessary to divide ihii 
quantity by 1,4.I0, in order to bring it into the qunntitypBT d 
minute; and as 33,000x1,440=47,520,000, if we Jiviii 
the gallons per day of 24 hours by one-tenth of this, or 
■4,752,000, we obtain the horse power required to lift it. 

The table of horse power in the Appendix (Table I.) h« 
been computed in this way, as showing the horse power required 
to raise any quantity up to 10,000,000 gallous 1 foot high' 
24 hours. Tlie lirst column contains the gallons to be lifted, 
and the second column gives the horse power required, b 
simply derived from the first by dividing it by 4,752,000. 

The use of this table is so simple as scarcely to demand 
esplanation. Let it be required, for example, to find the 
horse power necessary to raise 3,550,000 gallons 250 feet 
high in 2J hours. 



FOR KAISING WATER. 27II 

'.eie we liare oppoaite the gWen quantity '7471 : hence, 
1 x250=18G-8 horse power. 

ippose the quiiutity to be rahed should cot oci^ur inime- 

ilj in the Tuble. Let it be required, for instance, to fi 

power necessary for raising 2,316,500 gallons 23-4 fed 

24 hours. Here we have 

2,300,000 . -i 

16,000 = tJj part of '3367 .... -0037 
500 = JfT part o( ■0105 .... -0010 

■a 

-48S7 K 234 ^ 114 UuraeB. 
the horse power may be derived thus: 2,316,500 x 
,061,000 gallons raised 1 foot high in 24 hours. 
Hones. 
'PP?*'**.*'ll.0&a2imd this x 100 = 105-23 for 500,000,000 

□UllDtLa lA J 

mmiomU -8418 „ x 10 = 8-43 for 40,000,01 

Z miUinnl ii -4209 -42 for 2,000,01 

50,000 U -0105 01 for 61,01 

11407 Horse Power 

ff'ithout the uae of a table, putting a for the quantity of 
IB to be TMsed in 24 hoursj aad k the height ia feet, we have 
qA 
BpOO^ ^""^^ P*"^** ■ • • f^^- 

I the capacity of engines for waterworks is to be 
ermined according to the horse power, it is not sufficient 
take the exact amount of tliis from calculation, but consi- 
teble aUowances must be made for tiie friction of the 
piie and pumpa. Besides the unavoidable friction of ma- 
it is also necessary in all engiues used at waterworks 
brOTJde a considerable amount of surplus power, bo that in 
e of accident and repairs there may be no absolute stoppage 
Che pumping. 

omc eiigmeers are in the habit of doubling the net horse 
er, and estimating this doubled amount at a fixed prict ■ 
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few bant power ; others ai<!<uine the actual friction 
fourth of the net horse power exerted, and call the uniud ' 
•ninunt the gross horse power. They then divide the ^roMi 
borae pnwer into two equal parts, aad order three engines,, 
uch of a power eqnid to half the gross horse power. Accont 
ing to this mode of viewing the subject, it is assumed tbit 
twii of the engines — that is, two-thirds of the whole poircr— 
will be constautlj at work, while the remaining third mpet 
will be in reserve to be ased in case of accident or repairs. 

It will be seen on eiainination that these two modes of 
eatimBttng are not very different in their results. Let 1 
represent the net horse power required by calculation; (liei^ 
according to the first mode, the gross horse power to be esti- 
mated for will be Sp, and according to the second mode it 

will be T ( p+jW-TTP, the difference being only the 8th part 

of the net horse power. For example, suppose the net horse 
power required were 120 horses; according to one mode of' 
estimatiDg, 240 Bv nould be specified, and accordiiig to Che 

120+30x3 ^,. ,^^ , 

other, n — ■ — -=22oHP would be taken. 

It is often convenient, in conveying general and n^id in- 
formation where minute accuracy is not required, to e)q)rtsi 
the work to be done in millions of gallons raised one foot high. 
Now, on referring to Table I. in the Appendix, it will lie seen 
that the power required to raise 1,000,000 gallons 1 foot high 
in 2-1 hoiu's is -21 horses. Then, according to Ihe first mode 
of calculating above alluded to, the gross horse power to be 
assumed would he *42 for each million gallons, and according 

15 
to the other mode it would be -21 X -g='39. 

In general terms, let M represent millions of gallons to bt 
raised in 24 hours, h being the lift in feet, including the friction 
through the pipes, and let v represeut horse power ; 
Then -81 AM - P (net) 

Alio '<2 A M - P (fcTOSs) according lo first mode, 
dniJ '39 A M — P {groft) nccordirg lo second mode. 



I 
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tfor the coefficient of horse power in the above equH- 
f the gross horse power required to rmse 1,000,000 
I foot high in 24 hours, also p = gross horse power, 

; have cmA = p and ,~. 

ihall now examine this coefficient of horse power for 



important works, in which the engine power and the 
f pumped are accurately known. And first of the 
kCompanies. 

Southwark and Vauxhall Company, according to their 
in 1865, pumped on the average 6,000,000 gallons a 
I height of 185 feet, and employed for this purpoaa 
(Be power. Hence, the gross horse power employed 
■each million of gallons 1 foot high is 
' 355 

g3^^5=-32 horses. 

Grand Junction Company employed a power of 690 
o raise an average daily quantity of 3'5 milhon gallons 
thigh. 

690 
Here -,- „.q =-90 horses. 

tJhelsea Company employed 221 horse power to raise 
ttge daily quantity of nearly 4,000,000 gallons to a 
flf 157 feet. 



Sast London Company employed SfiS horse power 
,'«n average daily quantity of nearly 9,000,000 gallons 
feht of 107 feet. 



JiBmbeth Company employed 223 horse power to raise 
1^ daily quantity of 3,000,000 gallons to a height of 



& 



K 



Hence ,,..^ =51 horses. 



Tlie following Table expresses a siunnuuy of ite resnlli I 
which h»tB been slated : — 



Soathnrk and Vaiuhill 




Umheth 
' Eut Ixindan 
Gncid Junctiei 



Nel hone poTct required 21 

Gron bane power sccording to the fonnQlm 3 P . 42 

IS 

GrtM* hone power scenrding to the fonnala ~a~ ^ • 39 

It appears that the first two coinpamea od the list baieliiile 
more than 50 per cent, in encess of the actual net powo 
reqnired eiclusiTe of friction. They each hate leas ibu 
required by either of the formulge which have been con^dnd 
above, and itrc certainly not obnoxious to the charge of bafii^ 
too much suqilus jiower. The Lanibclh and the Bast Lot 
don have each more surplus power than would probablj 1« 
adopted for the works of proTincial towns, but probablj rot 
more than is judicious to provide for the rapid increase of ihe 
population which they supply. The Grand Junction 
only company which appears to have a remarkable surplM 

Looking at the great economy with which engines work 
when loaded below their full power, and looking also to the 
coDitant and rapid increase of the London water cumpaniei, 
it is questionable whether any one of them, except the Grand 
Junction, could be said to have an extravagant amount of 
surplus power. Yet we fijid an Inspector of the Board of 
Health charging them all iu the most wholesale manner widi 
reckless and extravagant expenditure of this kind ; and acta- 
ally attempting to make out that the London water companies 
in the aggregate employ 4^ times as much en^ne power a< 
is necessary. 



J 
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I shall now examine a few instances of recent works of 
considerable magnitude, in order to show the scale on which 
the principal engineers of the day have proceeded in fixing 
the amonnt of engine power. Here, again, the case of the 
liondon companies first presents itself, in their recent applica- 
tion to Parliament for powers to change the site of their 
works, and take the water from the Thames above the reach 
of the tide. 

At a time when the average daily supply of the Chelsea 
Company was 5,000,000 gallons a day, Mr. Simpson pro- 
posed 600 horse power to raise the water 165 feet high from 
Seething Wells to a reservoir on Putney Heath. 

Hence ^ g ='73 horse power for each million 

gallons raised 1 foot high. 

Mr. Quick, who is engineer for two of the companies at 
Hampton, proposed 94 horse power for the Grand Junction 
Works to raise 5,000,000 gallons a day, over a stand-pipe 
46 feet high. 

He proposed the same power also for the Southwark and 
Yauxhall Works, in which 8,000,000 gallons a day have to 
be raised 40 feet high; and for the West Middlesex Company, 
where the work to be done is nearly the same as for the 
Southwark and Vauxhall Company, he seems, according to 
the printed evidence, to have proposed 100 horse power. 

Hence the following co-efficients : — 

Grand Junction -?L- = -41 ( ^°"^, P^^^'*. ^f,T\ ?'^l'''" 
" 6 X 46 I gallons raised 1 foot high. 

94 
Southwark and Vauadiall » '29 ditto 

8 X 40 

West Middlesex r^^,^ '28 ditto. 

8X 64 
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or WORI. 

This method of calculation is f&r preferable to that nbid 
nmply drterminea the horse power of an eogine, and leaves it 
to tiie milker or contractor to funibh an engine capable of 
Ficrting thia power either nominatly or really. The caicula- 
tion of engines according to horse power lias led to so miaj 
rrrors and is capable of so much misinterpretation that it will 
be well to abolish it in all commercial transactions of im- 
portnnce. 

The principal points required to determine the dimensioni 
cnjiBcity of a pumping engine are the mean effectire pres- 
sure of steam in the cylinder, the length of stroke, the number 
of strokes per minute, and the diameter of the cylinder. 
Amongst the Cornish engineers, and amongst the makers of 
their celebrated engines, the former particulars arc so mil 
understood, so generally settled and agreed upon, that tlie 
dinmctcr of the cylinder alone represents with tolerable accu- 
racy the power of ihe engine. 

t seems to be generally agreed amongst the Cornish engi- 
neers, that their engines may be made to work with a masi- 

m effective pressure of from 15 to 17 Ihs. per square iach 
of the piston, and with a velocity of 200 to 240 feet pet 
minute ; but as the engines are commonly single acting, only 
half of this velocity is effective. 

'''or example, in "Brown's Engine Reporter," in which not 

less than 24 single pumping engines are reported every month, 

the following data are assumed with respect to the engines :— 

Those with cylinders under 30 inches are assumed capable 

of working with a load of 18 lbs. on each square inch of the 

;oii. Those with cylinders from 30 to 45 inches with a 
load of 17 lbs. j between 45 and 60 inch cylinders, with a load 

16 lbs. 1 and above GO inches with a load of 15 lbs. In 

king up the horse power the pistons of nil single acting 
engines are calculated to move with an actual velocity of 320 
feet per minute, or an effecliie N'lilodty of 110 fee^H 
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Tables 2 to 5 in the Appendii show the power of i 
engines calculated on these data, from 15 inches up- 
Boo inches diameter of cjlinder. 

Host of the Gomish pumping engines are single acting. 
rat the double acting engines used in Cornwall for raising 
he kibbles are usually calculnted to work under a load of 
10 lbs. per square inch, and the piston is assumed to have 

Pual and effective velocity of 250 feet per minute. 
, John Darlington, tbe author of a valuable paper 
appeared in the first number of the " Engineering Jour- 
assumes the initial pressure of steam on entering the 
cylinder of the Cornish engines at 30 lbs. per square inch. 
He assumes it to be cut off at one-fourth of the stroke, and to 
have a mean pressure of 178 lbs. per square inch. From this 
be deducts one-fifth for friction, and takes the remaining 
14-24 lbs. to represent the effective pressure of the steam. 
Be assumes the same effective pressure for all engines from 
l5 inch cylinders up to 100 inches. He assumes the length 
if stroke to be 8 feet in the small sized engines from 15 inch np 
o 19 inch cylinders, and to be 12 feet in tbe largest size from 
l5 to 100 inch. In the same way also he takes the effective 
elocity (the length of stroke multiplied by tbe number of 
louble strokes per minute), to vary from 112 to 96 feet per 
ninute, the smallest size having the bigbest velocity, and the 
irgest having the lowest. Tbese velocities are what Mr. 
)arlington terms safe rates of working, but in his table he 
[ives another column showing the most economical rate of 
rorking, and this economical rate is commonly less than half 
f that which is assigned as the safe rate. This is only in 
ecordance with woll-cstablished facta — with tbe opinions 
Iso of all practical men, and is home out by the daily 
'orking of the pumping engines in Cornwall. 

In proceeding to determine the dimensions of an en- 
ine according to the Cornish method, the first and prin- 
ipal thing necessary is to produce an equation between the 
rork to be done in a unit of time and the power of the engine 
ttbat same unit. Thus, if we take the "flo\V*fi\«i 
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lbs. raised one foot high per minule, the whole preaaui 
■team on the piaton multipUed by the effective velocilj 
[jislon per minute roust be equal to this work. 

Putting K for thenorktn be done in lbs. raised one foatliigli 
per minute, P ^ the whole pressure of steam on the piston in 
lbs., r = its velocity in feet per minute, then must w = P e. 

It will be most conTenient, however, to subdivide P into 
the Iwo factors which evidently compose it, namely, the srei 
of the piston or cylinder Bnd the pressure p per square incli. 
Wo hnve then the expression w = apv. 

Engineers adopt different modes of calculating the elemcntt 
or parts of this equation. le, of course, is a determined or 
^ven quantity, while p and e are usually assumed at what ate 
known by experience to be reasonable and proper. 

Thus if 10 be the whole work to be done exclusive of fri^ 
tion it will be quite safe to assume, ns mauy of the Cornish 
engiueers do, that p may be 14 or 15 lbs. and v may be 80 
or 85. Either of these osaumptions mill enable ua readily to 
derive a, (he nre^ of a cylinder which will do the required 
amount of work. 

BupposeaCoruiahengineerprescribesanengine with a cylinder 
arca=ii to perform a given quantity of work lo, we know in- 
mediately by the expression -■=p t what he has assumed for 

the eifective pressure of ateam multiplied by the velocily of 
the piaton. We know, in fact, what value he has assumed 
for;» V, and though this may vary slightly among different 
engineers, there is still a very fair aud general uniformity o[ 
opinion on the subject. Some may put p a little higher thin 
others, and c a little less, but the product ^ o is usually 
about the same among the different Cornish engineers. 

The following comparison will explain this more clearly i — 
Three celebrated Cornish engineers were requested to speoiPr 
separately the kind of engine they would recommend to per- 
form a given quantity of work. They were Mr. Willian 
West of St. Blftney, Mr. Samuel Hocking of Johi 
Adelpbi, and Messrs. Harvej and Cki. of Hnyle foundry. 
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It appears from the preceding Table, that we s 
the practice of the most eminent Cornish engineers 
ing a value Tar3ring from 850 to 1200 for the d( 

vpm the expression — =a. 

The following Table shows the valae of vp in 
work of the 15 pumping engines, for which part 
given with sufficient detail in ^'Brown's Engine '. 
for 1&55. 
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* The velodties 
in this column 
are the average 
monthly veloci- 
ties, and are not 
always the pro- 
duct of the two 
first columns, 
because the ave- 
rage number of 
strokes is only 
carried to one 
place of deci- 
mals. The velo- 
cities, however, 
are strictly cor- 
rect. 


Average duty for 
the year, expressed 
in millions of lbs. 
raised 1 foot high 
by consuming 
1 cwt. of coal. 


• •••••■•••a •••• 

oo»ooeooc4aoco<o^o»oot>.OpH 


Value of o p or con- 

tinued product of 

number of strokes per 

minute, by length of 

stroke, by load m lbs. 

per square inch. 


I-H 

aoo)0)pHt>.c^c^ir3»no)cocooO'<<i<t>> s^ 

1 


Load per 

square inch 

on piston 


• •••••••••••••• 

eooico^«.l-lOOco•-l^»o>o^co^>.o^t*• 

,-HCMrHr-<i-lr-<»-l.-lrH.-l,-l.-lr-<»-l,-l 


Velocity of pis- 
ton in feet per 
minute or value 
of v.* 


• ••••••••■••••• 

c<^o^^*cococot^oooo4^>.04«>.^>."^ 


Length of 

stroke in 

feet. 


• 

.So©'«»»ooo©co«oooo©©© 

^0>0>©©©t*«010i©©0>0>©©rH 


Average 
number of 
strokes per 

minute. 


O»«O«OCO'^O100C^O>O>'^iOt*«00rH 

• ■••••••••••••* 

«coco«ococo«4«ioc4'<<i<«o»n«4«eO'^ 


Name of Engine 
or Mine. 


Boscundle . . 
Gt. Dev. Consols 
Fowey Consols 
Great Polgooth 

Ditto .... 
Mary Ann . . . 
Par Consols . . 

Ditto .... 
Pembroke . . 

Ditto .... 
South Caradon 

Ditto .... 
Trelawny . . . 
West Fowey . 
Wheal Uny . . 


o i-« c« eo -^ »o <o »^ 00 o» © 'H c^ eo "* »ft 

as 
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It is worthy of observation, tbat this Table of acttud 

furmnnce does not bear out the idea, that the most datjil 
inyariablj yjcrformed by enginea, which work at the lowMl 
rate of speed, and with the smallest pressure. Of those aii- 
gines in which «i^ is below the average, only one readiei t 
duly of 77 millions ; while in Nos. 6, 11, and 19, ia which ej 
is very aranll, the duty ia also lower than in any of the olh« 
engines. In tliose engines where the duty ia highest, ss in 
No. 3, No. 4, and No. 7, which are all 80 inch cylinder en- 
gines, the respective values at v p are 934, 1115, and 779. « 
considerably above the average.* 

Taking into consideration the practice of the most emiafut 
Cornish engineers, in connection with the results eshiliiied in 
this Table, I venture to propose the value pp=:!OOU as i 
constant, in estimatiug the size of the cylinder for large Cm- 
nish engines to be used in ivaterworks. We shall then hare 
the very simple espressioa 
W 
YjTTwj^o, the area of the cyllndi 

For example, let it be required to find the diami 
cylinder which a Cornish engine should have to raise 3,500^M(I 
gallons 120 feet high in 24 hours. 

Us. raised 1 foot 

bigh [ler minute. 

„ 3,500,000X 120 _ 

Here- yu =2,916,Gti7=W. 

Then.MlM^=2917 area of cylinder 
lUOO 
in inches— 61 inches nearly for the diameter of the cylinder. 

* In the preceding tahle it should be obBerred ihst Ihe vglne ti fit 
derived, not from tlie actual pressure of ateam od the pistou. 1)ut from Ih 
actual water load divided bj the erea of the piston. It follows thai Uw 
actual pressure of steam miiat be somewhat more tlian this, bccante it tut 
rercotne all the friction of the pumps and parts of tbe engine, beaiU 
ing the actual water load. If, in order lo compare the value of vf » 
determined from actual vrorking with that assumed in calculation) id 

add to vp in the table j^ of its amount foi fricttoD, 
Sad the Agreement remarVaMj t^iMH. 
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We Lave seen that various Cornish engineers assume dif 
foreot values for v p. Thus, Mr. West appears to assume 
about 926; Mr. Hocking llUj and Messrs. Harvey IIJO. 
According to the practice of calculation followed by each of 
thfse, the engine to do the above work would be determined 
thus— 



West ——- - 3150 - 631 

Ur.W.HockiBg?:^'!^! = 262, = 57J 

Me«r,.Harvej ^^^ = 2558 = 57 



■In the Appendix (Table 6) will be found Mr. Darlii 
(ble of horse power, which has been before alluded to. The 
feesure of steam which he assumes, corresponding with that 
e have used in speaking of the actual working of Cor- 
bh engineSj is 14*24fl5s. per square inch. The Table is 
Buable, because it shows ia a very simple manner tbe pro- 
a between tbe horse power at s&fe working speed, and 
Bthe economical rate of working. 

■. Darlington's ralue for jj Leing constant, namely 14'24, 

ifet of B is variftblc, being 80 feet per minute for the smaller 

d engines, and increasing up to 96 for those of the largest 

Taking a velocity of 80 feet for engines up to 60 Inch cylin- 

r, Mr. Darlington's value for rp would be 14-24 x 80=1 13i). 

king ft veiocity of S4 feet for engines from CO to 70 inehes, 

jtvaloeof op would be 14-24x84=1196. Taking a velo- 

B feet for engines between 70 and 80 inches, the value 

¥v p would be 14-24x88=1253. Taking a velocity of 

I feet for engines between 80 and 85 inches, the value of v p 

I would be 14-24x92=1310. Finally, taking a velocity of 96 

feet per minute for engines with cylinders between 85 and 100 

Uiches, the value of f J) would 14-24 X 96= !3G7. 

^H Tliese latter values appear to be greater than those »'hiv^_ 



ler 

1 



2fl4 

obtain in practice, and are not in accordance with tho 
otlier eugioeers. It will readily be seen, that in ndopting ISi.: 
Darlington's values, we should fix an engine of smaller s 
than by using any of the constajits before given. On tie I 
whole, there appears no reason to vary the opinion alreadj' I 
[pressed in favour of the expression 
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iP^^nrea of cvliuder. 



EXPANSIVELY. 



"When steam is admitted thToughout the whole of the stroki^ , 
its efficiency is of course equal to that of the uniform pres- 

unity, When cut off at any part of the stroke as - 

ita efficiency is equal to 1 X Hyp. Log. n. Hence the foUoH- 
ing table, showing the efficiency of steam at different degrees 
of expansion : — 

Stcum* admitted throughout the Etroki 

i 

1-405 



1'693 
2-099 
2-386 



lent 



pressure tliroughout the whole stroke : 
steam of 35 II 



: * X 

1 + Hyp. Log. It. Suppose steam of 35 lbs. pressure 
The greater part of thia scale ia taken from Leon'i HiUorical 
t at the Stenm Engines ia CoravvoU, a work which has bMU 
nilerred to. 






Now, if steam be admitted with any given pressure p, and 
e cut off at the n"* part of the stroke, it will have an equiva- 



cutoff 
tl StiU. 



llie mesn effective pressure throughout the stroke. 
"he pumping englues used in the American waterworks 
illy double acting engines, and they are commonly calcu- 
d to work with an effective m.can pressure of about 14 lbs. 
square inch. Thus, in several engines designed hy Mr. 
Upiue for Brooklyn, Albany, Chicago, and other work) 
Baure of the steam is thus estlmBted — 



pftrt of the stroke. Then we have - 



1 



cjlinder ... 21 

b being cut off at i of the stroke, vro have (by Table : 
)— X 2-386 = 11-93 lbs. per square uich for the mea 
isure on the piston throughout the stroke. 
'o this must be added, say, 9" 5 lbs. per square inch for 
itional pressure due to the vacuum produced hy condensa- 
.. From the total pressure so derived t!ie American engi- 
ra deduct one-fifth the intlitd pressure of the steam, or 
IB. per square inch for the friction of the engine, and one- 
: this quantity, or 2 lbs, per square inch, for the friction of 
air-pump piston. Hence the effective pressure will be 
Ived as follows : — 



Uesn presEure of bte&m at 2(ltb3. per iiicli, i 

i of the itroka 

Addition for vncuum .... 



Leu for friction of engine "r — * 
„ „ air-pump 2 

UeaD effective pressure ... 
learly ISJ lbs. per square inch. 
lib mean effective pressure is then to be multiplied hy the 
itivo Telocity of the piston, which, in the double acting en- 
It, ia frequeutly as much as 300 feet per minute, and from 
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this is deducted the actual resistance of the air-pump, wliich 
obtftiiied by multiplyiug the tuea of the air-pump by 9'5, t)w i 
urn pressure rb before, and by the Telocity of the air-pump P 
piston. This lest deduction reduces the actual effective pres- 
sure to about 14 lbs. per square inch, nhich is a pressure com- 
monly assumed by the American engineers in their calculation!. 
T)ie mode of colculatioa will, perhaps, he better imderstood 
oy putting the equation into- the algebraical form given b^ 
Haawell ; — 

Let P be the mean effective pressure on the whole area of 
the piston, due to the expansive action of the steam 
usually assumed a.t 12 lbs, per inch, 
e = pressure on the whole area of piston due (o the v»- 
cuvim produced by condensation usually assumed 
at 9-5 lbs. per square inch. 
y= pressure on the whole area of pistnn necessary to 
overcome the friction of the engine usually = 4 
lbs. per inch. 
m = pressure on the whole area of piston necessary to 
overcome the friction of the air-pump usually = 
2 lbs. per square inch, 

5 ^ velocity of steam cylinder piston, usually from 240 lo 

300 feet per minute for double acting engines. 
n = velocity of air-pump piston, usually assumed at 80 lo 
100 feet per minute. 

6 = resistance of the vacuum against the air-pump piston 

= area of air-pump piston X 9-6. 
W = weight in lbs. lifted one foot high per minute, then 
B{P + o) (/+.«)-«i=W. 

iilxAMPLES. — The condensing engine proposed for Chi 
waterworks has the following dimensions, 
netfir of aleam cyliniier, 46 inches. 
Length of stroke, 9 feel. 

PtisE velncity of piston. S = 210 feot p«r minute, 
jiirc of iteBTD oD entering iijliuder, 20 tbs. per iqiiare iaek. 
• Steam cut olT at } of itnike. 
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Pressure due to vacuum v « 9*5 lbs. per square inch. 

Diameter of air-pump, 34 inches. 

Also yalue of ^ — 4 fts. per square inch. 

„ m a 2 ibs. per square inch. 

„ n = 80 feet per minute. 

Then S= 240 

P=1662 X 12 = 19944 
r=1662 X 9-5= 15789 



35733 
Also /= 1662 X 4 = 6648 
m = 1662 X 2 = 3324 



9972 

25761 Total pressure acting 
on piston. 

Then 25761 X 240=6,182,640 lbs. 
Less area of air-pump 

34 in. = 907-92 x 80 X 9*5 690,019 



5,492,621 



The work to be done by this engine is equivalent to raising 
chree million gallons 90 feet high in twelve hours = 

;3,000,000 X 90 ^ 3,750,000 lbs. raised 1 foot high per 

minute. To this Mr. McAlpine adds one-fifth for the friction 
of the pumps and machinery, making 4|- millions of pounds. 
The friction of the water in passing through the pumping 
main will increase the duty on the engine to 5}; million pounds, 
raised 1 foot high per minute. Now, a single acting Cornish 

W 

engine, according to the formula = a, must have a cylin- 
der equal in area to — = 5250 = a diameter of 82 

* 1000 

inches. We have seen that the American engineers adopt a 
double acting engine, with a 46-inch cylinder, having an area 
of only 1662 inches, or less than ^ that of the single acting 
engine. 



At the Albany works tlie engine is required to raise 
hour* 2 million New York gallons (of 8 lbs. ench) to a he^k 
of 156 feet, and 1 million gallons to a, height of 23S fed. 
Hence W= 6,111,111 

To this add for friction in mnm . . . 733,270 
Also J- for friction of pumps and machinery . 1,222,222 

8,066,603 Ibt. 
to be raisod one foot high per minute. 

For this Mr. Mc Alpine proposes a steam cylinder cpf SS 
inches and 12 feet stroke, the piston making 10 strokes pa 
minute, and having an effective Telocity of 240 feet pel 
minute. 

The assumed pressure of steam, the vacuum, &c., biiag 
the same as in the Chi cago engine, the power ealculfttd 
by the same formula S (P + v) — (/+ m) — ni is eqml ta 
8,667,e00 Iba. 

Note to do this work, a single acting Cornish engine, cohl- 
puted na hefoie, would require a cylinder with an area = 8E6r 
inches ^ a diameter of 105 inches, or considerably mor< 
3 times the area adopted for the American engine. 

In the Brooklyn works the duty required is much grealtr 
than in either of the preceding, being equal to the elevationd 
5 million gallons m 12 hours, through a main 6,000 feet long 
and 30 inches diameter, to a height of 190 feet. This d 
including the friction of the macliinery, and that of the n 
passing through the rising main, is equal to 17 miUionatJ 
pounds, ruscd one foot high per minute, or about 515 hoDf 
power. 

To effect this work Mr. Mr Alpine proposes a» engine witT 
a steam cylinder of 72 inche« diameter, and 12 feet stroke 
working steam at 20 lbs. pressure, to be cut off as in the othe." 
cases at J of the stroke. The effectiTe velocity of the pis 
value of B in Haswell's equation, b here 288 feet per minoU, 
The diameter of the air-pamp is 48 inches, and the velocity of tlit 
air-pump piston is 96 feet per minute, all the other values b|ii^| 



I 



le as those wliich tue described for the Ch 
Engine. The power of this 72 inuh cylinder engine, ■> 
computed by the formula S (p + r) — (/ + m) — ti5, is eqoal fl 
16,624,912 lbs. raised one foot high per miau 

r, if this work were to be done by Cornish single acting 
s, it would require 2 engines, each with cylinders e 
jing 100 inches in diameter, whereas the American engi' 
t proposes only one engine of 72 inches. 
B have seen, that in the practice of the moat eminent 1 
ish engineers, the value of vp, or the product of effectivB I 
icityof piston hy mean pressure of steam, ia equal to 1,000. 
e American engines were simply double acting, all other 
ing the Bame, the value of vp would of course 
lonble, or 2,000. This, liowover, is not so, betstuse the 
d velocity of the piston is considerably greater. 
we take in each case the value of W or work to be done ii 
minnto, and divide it by the area assumed^or the cylinders 1 
e American engines, we shall have the value of vp for 1 
porposo of comparisQa with the single actbg Cornieh 1 
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4,071.6 
B the value of vp being in the American engines from 8 
s as great as in the Cornish single acting engines, 
irea of the cylinder requiring to be inversely as vp, 
i that the American double acting engines requira 
adera only one-third or one-fourth the area of tho siuglo 
gengini 

16 mode in which the American engineers provide for the 
iary or surplus power has been already alluded to. The 
ble acting condensing engine is designed with sufGcient 
r to do the whole work in 12 hours, and in addition, a 
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high pressure non-con dcnsiiig engine is erected, cnpable of 
doing the whole work in 24 hoars, and aoinetimea in 30 

In order to make the comparison complete between the 
American system and our own, I shall briefly notice the non- 
condensing engines proposed in the three works which have 
been taken as examples, namely those of Chicago, Albany, 
and Brooklyn, 

The work to he done by the non-eon den sing engine at 
Chicago is that of raising 3 million gallons 90 feet high in 
24 hours. When the friction of the pomps and machinery 
is added to this, and also the friction of the water passing 
through the pumping main, the work to be done is equivalent 
to raising 2,600,000 lbs. one foot high per minute, or W = 
2,600,000. 

To effect this, an engine is proposed with an 19-inch cylin- 
ind 6 feet stroke, with a piston travelling 240 feet per 
minute, using steam at 80 lbs, pressure per square inch at the 
cyUnder, and cut olf at one-fourth of the stroke. 

According to the table at page 234, the mean effective 
pressure or value of^ will be --- x 2-386 = 4/-? lbs. per 
square inch. 

The TRlue of P will be 254 x 47'7=121 1 6, 

Then 121IGx240=u P the whole power= 2,907, 840 Ihs., or 

about 300,000 lbs. in excess of the power actually required. 

At Albany the work to ha done is oquivalent to railing 
1,G00,000 imperial gallons 156 feet high, and 800,000 gallaaJ 

8 feot high in 20 hours ; 

Then l.eOO.OOQ^^l-'iS = 2,080.000 
120 



I 800,000x238 . 



1,586, ee? 

W = 3,666,667 
To this is added the same amount 
I Sv Iriction of water b mains, in 



^nips, machinery, &c., as for the 
unlensing engine, namely . . . 



^ 



Total 5,622,159 lbs. raised one 
nfoot high per minute. 

The engine proposed for this has a steam cylinder of 24 
inches' diameter and 6 feet stroke, making 20 strokes pec 
ainute, aod workiug steam of 70 lbs. pressure to be cut off ati- 
i stroke. J 

Here f = 240 ■ 

a = 452 ^ 

X 1-287 = 67-57 lbs. for the effective mean 

7 X 452 X 240 = 7,329,994 lbs. raised one foot 
Rh per minute for the power of the engine, which is consi- 

ibly in excess of the power actually required. 
I At Brooklyn, where the work to he performed by the non- 
pdensing auxiliary engine is equal to raising 5 million 
^ons 90 feet high in 24 hours, the power required, tnelud- 
5 the friction of machinery and the friction of the water 
Ming through the mains, is equal to 8,067,476 lbs. raised 
e foot high per minute. For this work an engine is pro- 
d with a 30 inch cylinder and 6 feet stroke, using steam of 
6 Iba. pressure at the piston, with an avernge effective pressure 
'ft 48 lbs. and an effectire Telocity of piston — 240 feet p^^ 
e. Ilence the power of the engine will be fl 

Area of Pressnre 

Cylinder. per iiioli. Velooity. 
706-8G X 48 X 240 = 8,143,027 Iba. 
The foUowing table gives at one view the particulars re- 
t&ig to the American non-condensing engines which hare 
F^n noticed in the preceding pages : — 
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18 
24 
30 


240 
210 
240 
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67-6 
4B 


11520 
1G22.1 
11520^ 
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The Chiuuf^o and Brooklyn are more receat works than the 
Albany, and may be taken to represent the most modern prac- 
tice amuDgst the Americaa engineers. 



ON THE COST OP ENGIHKB S 

This is often estimated at a price per horse power of actiul 
work to be performed, hut the practice has been produclirt 
of serious errors and miE understandings. 

Engineers have been heard gravely calculating the net horse 
power, at £J>U per horse for condensing engines, a sum which 
is far too low, and whicli in reality represents about the value 
of each horse power of the gross instead of the net amount. 

The following table preseota some eaamples of the coat o( 
engines according to horse power of actual work to be per- 
formed. The unit of work assumed here is the usual one, 
commonly called Watt's standard, namely 33,000 lbs. vahei 
one foot high per miunte ^ 1 horse power. The last columa 
contains the cost per net horse power reduced to this stauil- 
ard. The price of the eiigiue in each case includes the buili'ra 
;md pumps, and where no note occurs to the contrary, it also 
iucludes the erection of eiig;iiie-house, boiler-house, and all 
necessary masons' and bricklayers' work. 
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298 PUMPING MACBINKRT 

The Btatement of work to be done by tbe American 
is in e&cli case somewhat understated, as it is derived 
tlie actual height to wliich the water is to be lifted without 
any addition for friction through the pumping main. 

It follows that the price per horse power is in each esse 
somewhat higher than it would be if based upon the full 
amount of work including this friction, as in the estimatei 
quoted from the Cornish engineers. Notwithstanding this, 
however, the Americnn estimate ia in every instance consider- 
ably below tbe price of single acting Cornish engines. 

Tbe highest American estimate is that for the Chicago 
works, where the horse power is 1 35 horses, and where the cost 
of entire engine power, including duplicate engine, land, aud 
buildings, is only ^83 per horse power. 

For other works, the cost per horse power appears to dimi- 
nish nearly as the magnitude of the work increases, till we 
iiavc for the large pumping power at Brooklyn, only from £33 
to ^£35 per horse power. 

This great difference of price, as againat the single acting 
Cornish eng;ines (see first part of tbe Table), is in some me»- 
fiure due to the engines being made double acting, and thM 
requiring much smaller cylinders, and a proportionate reduction 
of other parts ; and also, in some measure, to the use of the 
n on- condensing engines as auxiliary power. We feel bound 
also to call attention to the fact, that Messrs. Ilawthoru's 
double acting expansive engines will bear comparison CTen with 
the cheapest of the American. 

Experiments and recorded observations are still required 
as to the working and actual duty of these double acting es.- 
pansive engines. Their first «ost is certainty much less thin 
that of the single acting Cornish engines; and anless they an 
more expensive to work— in other words, unless they perform 
leas duty — they ought to be preferred to the single acting 
engine. Tlie Table here given, and the remarks here made, 
not ventured as conclusive or satisfactory even to the mind 
of the author J but are merely given to draw attention t^<J 



nect of great importance, and one which is daily becomin 
nt with Tclereuc? to the supply of towns havi] 
^erate command of capital. In new watcrworlis it shoiidl 
course be the aim of the engineer to effect HS much a 

with the means nt his disposal. It is dangerous to be 
[Away hy theories in favour of any particular kind of en- 
; hat the vvhole subject, on the other hand, requires tlie 
e of calm and deliberate judgment, based on the mostj 
^rate information which can be procured. fl 

1 example of large double acting pumping engines iol 
b country, a specification is given in the Appendix, of the 
V being erected by M-essrs. IJoulton and Watt, for 
kSouth Stn&brdsliire Works, under the direction of Messrs. 
1 and Stileman, of London, and Messrs. Marten, of 
Wolverhampton, Civil Engineers. 

Opinions are much divided, as to the comparative merits of 
)iL~am and direct acting engines for pumping purposes. The 
':n;:!c acting Bull engine, with the top of the cyliuder closed,.J 
■ UL- piston-rud working through a stuffing-box in the bottom„B 
luid the steam admitted also at the bottom, was intra- J 
I many years ago in Cornwall, aud several engines on 
I plan hare been erected for American waterworks, and 
t recently by three of the London companies for their 
f- works at Hampton. The advocates of the direct a 

J contend that, the cylinder being placed imraediateljj 

^ the pumping well, and the piston-rod being in fact alatf 

jiump rod, there is much leas friction than in the beantl 

Mr. Marten, who has under his management botli^l 

[■ of engines, gives a preference to that with a beam, HqJ 

rves that, as a rule, direct acting engines when workinj 

1 high initial pressure are apt to start off at a 
b jars and strains the whole of the machinery through< 

The speed attained by the piston as driven indoora ol 
^beginning of the stroke, is many times greater than the 
rclocity per minute; and cunsequently unless all the 
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parts Hre made extra strong in proportion, the bearings wmt 
out with great rapidity, and the machioery is soon loose at 
rrery joint. In a beam engine, on the other liand, a reir 
large proportion of the initial force is obsorhed in overcoming 
the inertia of the heavy beam, which thiia becomes a reservoir 
of 8|irplus force in the earlier portion of the stroke, to be 
gtvcn out during the latter ; and the result is, that a compi- 
rntively steady velodty is maintained throughout the strok*, 
much to the advantage of the whole of the machinery; in- 
deed it is only with tins ailjimct that expansion can be cir- 
ried safely to a very high degree. The beam in fact is ■ 
reciprocating fly-wheel, and is atfended with predsely the 
same action and the same beneficial resulls. The writer ii 
acquainted with a case of two large expansive engines of 
neatly ihe same size working near together, one of which iiu 
nn open network beam of about 30 tons, and the other a 
strong heaTy beam of 4,'i tons' weight. The difference in the 
working of the two engines is very perceptible, and nearly 5 
million pounds duty in favour of the heavy beam. In ihruj 
cases where a jar is perceived in pumping engines working 
with a high expansion, it may be cured by increasing the 
weight or inertia of the beam."* 

For pumping a large quantity of water through a grfst 
length of main pipe, uoder a heavy pressure, Mr. Marten'! 
experience has led him to prefer the double acting beam en- 
gine erected in duplicate, tlic two engines being coupled t:^- 
llicr at right aogles to one large fly-wheel. Such is the slvle 
and combination of pumping engine adopted by Mr. Marten, 
in conjunction with Mr. M'Clean, for the South Staffordshire 
Works. See sppcification of these engines in the Appendis. 

DOUBLR CVLINDER ENGINES. 

Ever since the double cylinder engine was first introdumi 
by Woolf, this form has been in favour with some engineefl. 
These are not jnuch used in waterworks, but there are marj 



Paper on Fiimpine Engines already rcferroii l» 
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ibiaed cylinder engioes on Sitntns' priiid^^le in tbe Ci 

The French use extensively doable cylinder engines, 

>ntend thnt they obtain by their m rails a more usefu! 

economical effect from the expnnaion of the steam. The 

ister pumping engines, with 144 inch cylinders, erected fur 

iaing the Haarlem Mere, from the designs of Mr, Gibhs and 

Dean, have double cylinders, one within the other, the 
it being fitted with nn annular piston. Mr. Marten, while 
lining the advantnges of double cylinder engines in some 
lere uniformity of power throughout the stroke is a 
deratam, yet for large pumping engines prefers single cvlin- 
double action engines. He remarks that t>ie arrangements 

a double cylinder are much more complicated, and he finds 
; all useful degrees of expansion can be carried on sufficiently m 

a ^ngle cylinder. S 

PUMPING INTO A MAIN. § 

here more than one pump is used there is often only a-ai 
■vessel. Mr. Marten, however, recommends a separate air 

■i and back flap valve to each pnmp, also a blow-off vnhe 

:d with a certain weight, so that in case of any recoil in a 
it length of main the pumps would not be hurst. 

main pipe, when the pumping Uft is considerable, 
■ecommeiids the insertion of a back flap valre at every BO 

of elevation above the pumps, so that in case of any pipe 

ling, the whole main shall not be run dry. 

le lending point to be kept in view in the design and 
itruction of engines under these circumstances is the main- 
ince ofe constantly uniform flow of water through the main 

from the pumps. This is provided for by the compound 
fcle acting pumps, by large air-vessel accommodation, and 

le coupUng of the engines at right angles. 



Wolverhampton, the reserroirs are prevented from bail 
llled by a self-acting check vjilve, which shuts againsl 



1 
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supply beyond m ceruin limit, so that the maa working lis 
tngiue at a distance knows wlien his work is done. The valte 
is so arranged, thai immrdialely the engine ceases to work tiit 
supply to the to»-n is maintained from the reservoir through ■ 
tUp sa!*es, imderueath the self-acting stop-valve, opening im- ' 
mediAtclj as soon as a supplj b required tor the town.* 

^TAND PIPES. 

These appear to be an unnecessary addition to the expense 
of II pumping estabhshment. They were first introduced, not 
eu much to give the re<]uired pressure in the main pipes Eup- 
plying a town, as to eqnntize the tveight on the en^ne, tni 
cnuse it to pump alwRvs against a uniform load. Aii mt- 
vessel however costs only about one-tenth as much as a stani 
pipe, and is thought bj some engineers to answer the purpose 
FTjiially well. 

The TettenhaJl engine, at the Wolverhampton works, pumpi 
from a well 140 feet deep, over a stand pipe 180 feet high, 
tnakiiig a total liiXof 320 feet. At the lime the stand pipe nti> 
erected the Company had no summit reservoir, and the stand 
jiipe was thought necessary to give the pressure in the miuiis, 

Mr. Marten, the engineer of tlie works, in his recent paper 
read before the Institutionof Mechanical Engineers, appears to 
he of opinion that the stand pipe was unnecessary. He ob- 
serves, that all the requbite safety can be secured hj pumping 
into an air-vessel with a check valve on the delivery side, so 
that in case of a pipe bursting, or any sudden diminution of 
pressure taking place, it would be impossible for the engine to 
"go out-of-doors" at more than a certain regulated speed. 
Mr. Marten says, " Unless the stand pipes are cnrefnlly cased 
in winter they are in great danger of being frozen, and veij 
serious consequences have arisen from this cause. There is 
a drawback witli them on account of the great weight of 
the colimui of water, whicli has (o be set in motion from I 

■d stand at eacli stroke of the engine." 

■ rrom Murten's Taper on Piimping Engines. 4 



This term was first explained in a definite and precise 
ninnner by the learned and ncconnplisheJ Davies Gilbert, Pre- 
sident of the Royal Society, in a paper rend before that body 
ill 1S27. "The criterion of the efficiency of ordinary ma- 
cliinea is force, mnltiplied by the space through wliich it acts j 
file effect which they prodiiccj measured in the same way, has 
been deuominntcd duly, a term first introduced by Mr. Watt 
In ascertaining the comparatlTe merit of steam engines, when 
li« assumed one pound raised one foot high, for what has been 
railed in other couutries the dynamic unit ; and by this crite- 
rion, one bushel of coal has been found to perform a duty of 
thirty, forty, and even fifty millions." 

, WicVsteed* says, "As regards the term 'duty,' I 

Jtratand it to mean the useful effect, or actual weight of 
r raised by a given weight of coals, the same weight of 
coals also generating a sufficient quantity of stea 
ibe eugiue and overcome the friction of the pit or pumi 
work." 

It is clear, from these definitions, that the duty 
r.vpression of the work done, as this would include the power 
lo overcome friction and other resistances, but is the actual 
useful effect espressed in lbs. weight of water actually raised. 

To the enterprise and enlightened spirit which have lung 
rlistinguiahed the raining interests of Cornwall, we are chiefly 
indebted for those vast improTements, of various kinds, which 
have absolutely increased the power of pumping engines Co 
llic extent of five times that which tliey possessed forty years 
ntco, wheu the Cornish engines w«re first reported. To them, 
. :~'y, we are indebted for that vaUiable series of annual reports 
I liieh have recorded, year by year, the gradual and successive 
: ■>|irovenieiil.8 of the engines, Mr. Lean, in his historical 
■ r.'iicment of the steam engines in Cornwall — a work compih 

' Wkktleed'i Bxpn-imentil Inquiry concGrning Cornisli nnd Daiiltgs 
.1 Watl Pumping EiifiueB, p. 32. London, Wealc, IStl. 
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at llie retj'jest of the British. Association for the Advanc 
of Science, by the well-known registrars and reporters of these 
engines — makes a statement which shows, in the dearest 
manner, that the improvements made in the engines of Corn- 
wail, up to 1 835, were then saving the country ^680,000 b yew 
in coals alone, as compared with the cost of working the same 
engines in 1814, or twenty -one years hefore. All the statemenla 
In Mr. Lean's book arc chamcterizcd by moderation and tmtb- 
fulness, and appear to be thoroughly wortliy of confidence. 

Sometliing more than mere praise and simple admiration 
are due to the labours of the men who quietly and unoslentA- 
tionsly, without parade of any kind, have been thus ateadilj 
promoting the substantial and vital interests of their country. 
Without these improvements, and without the exertions of the 
men to whom they are due, it is probable many of the mines 
of Cornwall would have become unprofitable, and must hnte 
been abniuloned, on account of the expense required to keep 
Ihem free from water. 

Mr. Taylor saja, in his records of mining, that in early timw 
the duty of atmos])heric engines was equal to 5 miUion pomidi 
raised one foot high by a bushel of coals = — - =; nearly 

6 millions for I cwt. of coal.* 

During tlie ten years from 1770 to 1780, it appears that 
Smenton's atmospheiic engines were doing an average duty of 

7 to 11 millions, and that Boultou and Watt's engines wett 
doing about double this amount. About 1785 Boulton wA 

* The diilf given licrc and in the rallowin;; pages ii always eipreued 
in lb>. laiaed by 1 cwt. or 112 Iba. of coal. In all llie earlier report* uid 
litingi on tbe snbject of duty the nnil was a meaatirrd bubliel of roll, 
hicb bas been tarioubly estitnited at 81 to 11)0 lbs. in weight. Itiimnr 
generally considered, however, that the bushel is equivalent to 94 lhi.,lnil 
lotli Lean's and Brown's ruports now also give the duly reduced to a ml 
ofllElbs. As lliis standard is more convcoient, and will bebeLlerua- 
^Tstood than the other, I liave adopted it throughout, and irhenever ne- 
cei-iary in eitracling from the old reports, have reduced tbe dutji to lllil 
flandard. 
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t introduced the iinprovement of working steam expnn- 
f in Cornwall, and at this time the daty somewhat in- 
tod, although the steam was not raised to anj higher pres- 
nian before. 

,1800, when Boulton and Walt's patent expired, the best 
Wir engines in Cornwall were doing an average duty of 
|.24 millions. After this time Mr. Murdorh and other 
d and experienced agents having left the country, a gref.t 
■oration took place in the Cornish engines, and it is said 
B the following year several of th^ lar^'est engines with 
oh oylindera on BuU'b mode of constrnction were working 
Ml average duty under 1 2 millions. Soon afterwards, how- 
. owing to the able exertions of Captain Lean, the duty 
4 to improve at several of the mines, and the ejianiple Get 
|ese produced a beneficial result also in others. 
U following figures show the regular successive improve- 
a of the engines as recorded in the earlier years of Lean's 
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' 1838 
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■ 1840 
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' 1841 


56 


65-1 


121-3 
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1 1S43 


30 
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114-4 



will be observed, that up to the year 1S27, the duty of 
est engine is seldom more than 50 per cent, above tlie 
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nrrnige duty of all the engines. In I B27, howerer, the u 
nge <iuly of tlie beat engine is nearly double tbe general a\ 
, ill the fuUowing y«ar is rather more than double. 
iiicrnise was due to tbe improvements made by Samuel Ctiow,1 
nnd to the introduction of a 90-inch cylinder on WoolTs pi 
ciple, which performed a duty considerably eseeediiig that of I 
luiy former engine. In tbe following years the duty of die I 
best engine never nppears to double the average duty, allbougli 1 
t more nearly npproHches 100 per cent, than 50 per cent, in I 
rscess of this. The duly of the best engine in 1 S4'2 appran I 
o be the latest ever recorded for any continuous period, being 
nearly 128 millions. This duty was performed by Tnyloi' 
85'inch cylinder engine at the United Mines in Gwennap. 

The engine* was erected in 1840 by Messrs. Hocking Mi 
Loam, and was especially intended to work more expansivelj 
than bad hitherto been practised. The boilers were nude 
smaller in diameter than nsunl, and of stronger plate, ! 
stand a higher pressure of steam, the working elasticity b^i^ 
fixed at 40 lbs. per square inch above the atmospli^rc. AIn 
n extra number of boilers was provided, in order to give ui 
increased proportion of heating surface, and the strength of Iht 
working parts of the cngiue and macliiuery was augmented to 
withstand the strain caused by tbe great force of the steam w 
the piston at the commencement of the stroke. la this en^e 
(on a visit being made In 1841) tlie steam was cut off at about 
ne-tenth or one-twelfth of tlie stroke, thereby carrying oat 
the principle of expansion to a greater extent thou had c 
before been attempted, except by Woolfin his combined ey- 
linder engines, where he expanded it aboye twenty times. 

The following is the monthly performance of the engin 
from Lean'a Report for the year 1854 ; — 

* Ijngineer's Pocket Book for I81B. 
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Ueii'seO-iiich. 

Mitchell's B5-inch. 

Penrose's B5-inch. 

Dilto. 

Leed'B 60-inch. 

Mitchell's 60-inch. 

Ditto. 

Leei'i 60-inch. 

Dilto. 

IJitlo. 

Dillo. 

Ditto. 


jLYtnge , 




53-r 


72-0 




lUB Table showa that the duty of the engines reported bj 
ninl864ia much lossthanialSiS and the preceding yeara, 
te average in 185i being 53-7 miUionB against 71-4 milHona 
1 1848, and tlie boat CDgines having only a duty of 72 mll- 
lonBiDBtead of 114 to 127 millions. The table for 1854 alaa 
liows that all the engines are more nearly on an equality than 
omieriy, ns the performnnce of the best is only 34 per cent. 
n excess of the avernge, instead of being 60, and even 100 per 
fc., ns ic fiome former years. 

V have beeu informed, however, that the best engines are 
ISion reported by l^ean, the proprietors of some of the heat 
Bpnes not caring to pny the expense of liaving them re- 
tried, although the duty is regularly recorded for their own 
atisfaction, and for the purpose of comparison with other 

Bhe followinji is the performance of the engines frura 
nnie's Beports for the year 1855 :— 
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April . . 
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June . . 
July . . 
August . 
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November 
December 


15 
IS 
IS 

IS 
IS 
IS 
15 
14 
13 
13 
12 


69-9 
70'1 
6B7 
6S-4 
6H-9 
09-4 
C9'l 
694 
697 

71-6 

jo-a 


1011-7 
97-9 
97-4 
101'3 
IDD'3 
98'0 
991 
1001 
101-4 
100-4 
98'8 
1000 


Austin's SO-incli. 

Trsffry'a Sfl-inch. 

Dillo. 

Ditto. 

Ditto, 

Austio'i 80-in<^b. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Treffry'g 80-ineli. 


Average . 




69-7 


99-6 





It will be observed that the engines reported hy Broniie 
nork with a ronsiderably greater amount of duty tlian those 
now reported by Lean. ' 

The averngeworking of Browne's engines is very nearly equnl 
to tlie highest average of former years, but the duty of the 
best engine is somewhat less than in those years in whith 
Taylor's 85-inch cylinder engine was reported. This engine 
does not appear in either of the reports published at the presi^nt 
time. Many of the engines reported by Browne were con- 
strncted from the drawings of Mr, West, md most of the others 
are under his snperintendence. 

The following Table containa the monthly duty of eaiA 
engine reported by Browne dtiring the year 1855. Itsliows 
the small fluctuations in the amount of duty for each engiuo, 
and tho average duty of each during the whole year. 
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MPIMC MACHIRERV 



rklaTIO!' arrWEEN duty j 



iNECUPTION or FUlh 



we know the coDsumption of fuel in an engine, it 
to convert lliia into duty. For example, suppose an 

ires a lbs. of coal per horse power per hour. The effefl 
produceil by one horae power is that of raising 33,000 ibi. 
I foot high in a muiute, or 33,000 x 60 = l,980,0lXllbi. 
raised 1 foot high in nn hour. Thb resolt is produced by a 
lbs. of coal, hence the duty for 1 cwt. of coal is 

i,980,OOO X 112 
a : 1,980.000 : : 112 : —^ 

Hence we have this rule: Divide 221,760,000 by the cm-- 
Bumption of coal per horse power per hour, the quotient Is tie 
ditly of the engine expressed in lbs. raised I foot highbjl 
of coal. The following table is calculated to show tk 
duty of eiigiuea consuming from 1 to 1 2 lbs. of coal per hotn 
power, per hour. 
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321,760,000 


7 


31,GgO,000 




110,890,000 


8 


27.720.000 


3 


73.920,000 


9 


24.640,000 


4 


55.440,000 


10 


23.175,000 


5 


44,352.000 


11 


20,114,545 


•* 


30.960,000 


12 


19,480,000 



Put D = duty in millions of 
Qiinutc, 

221-7G 



. raised 1 foot high per 



Then — tt — = lbs. of coal per horse power per hour. 

22176 X 365 X 24 _ 19426176 
2240 

n for each horse power. 
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Eut LondoQ WBtenrorks, iing1« acting Comiih 

Bngine. 1836 .... 
Ditto ditto, Bool ton 

Haarlem Mere, HoUaad 
Average of 36 Cornish Engines, 1843 
Cincinnati direct action .... 
Buffalo CorniEli Bull Enginei, 1853 
Boolton and Watt's non-eipansive Rotative f 

Albion &IillB, London. 17S6 
Spring Garden, Philadelphia, 1832 
United States Dry Dock Engine, Brooklyn . 
Non-condeniing 30-incb Cylinder Engine at 

ston, United States .... 
40-bicli Cylinder Condensing Engine at ditto 

Ddtt FKB^OKMED BT TAtt[ODS OTHEE EkGII 

Direct Acting Non-con densi HE Engine e.t Tettenhdl 
Station of WoUcrhamptoa Works, using small 
Staffordshire coal 

Cornish Engine at Goldthom Station of Wolrerhai 
ton Works, using small StafTordshite coa! . 

Grand Junction Watetworkl Engines in 1849 

SoDlhwark and Vaitihall Engines in 1849 . 

fieardmore'g Exemplar Comish Engine 

Beardmore's Daly of Cornish Engines at London 
Waterworks 

Powej Consols BO-inch Cylinder Engine of 103 
horaa power, oiperimEnted on by Mr, Wieksteed, 
and worked at a power of 261 horses . 

Kolmbush 80-incti Cylinder -^ 251 horses, worked 
at a power of G2 horses 

Estimated duty of 72-inch Cylinder Condensing En- 
gine for Brooklyn Works 

Eogines at the East London Works in IBSO from 

I Mr. Wicksteed's evidence 

u iingioea at the same works before the uie of the 
I Cornish Engines 
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Attnge dal; of Conidi Sapaitt bum Leui't Re- 
porter, \SH 

Dulf of ibe but Enpne from ditto 

Aicngc ialj of Coniuh Engiaei, Browiie't Reporter 
laas 

Dul; of the best Engine bom ditto 

f shall DOW iDvite attentioa to two remarlcAliIe stal«i 
tahicli hsre been mode trith reference to the duty of Cot 

rngitics by two writers who have both contributed much 'ill- 
•lile information on this interesting subject. The first 
slKlemetit by Mr. Lean in his work already referred to— 
"That the duty of the best putnpiug eugiues iu Cornwall At 
KCteda what could be effected, were it even possible to applf 
the force of the steam immediately to the water, unencum- 
bered by the friction and imperfection of machinery, or tin 
loss arising from accidental condensation." The other stal»- 
ment is made by Mr. Pole in his rnluable treatise od the 
Ckirnish engine, and is to the effect that the steam generated 
in the boilers of the Cornish engiue is capable of perforiniog I 
much higher duty than that which has ever beeu reported of 
any engine. Thus he shows that when the steam is cut off 
at one-sixth of the stroke, and the steam expanded tbrotigb 
the remaining live-sixths, a motive power is produced which 
is capable of raising 154,000,000 lbs. 1 foot high, by the cod- 
tumption of Q4 lbs. of coal ; and that, with eight times eipui- 
aion, a motive power is developed equal to 1 70,000,000. Non 
although these two statements may appear at Erst sight at 
variance with each other, we shall find on esaminatiou th»t 
this is really not so, but that iu fact they are perfectly con- 
sistent one with the other. 

Mr. Lean's statement is founded on the quantity of wo(l^ 
which the steam will do when worked altogether without ex- 
pansion ; and doubtless if we calculate the motive force deve- 
loped by the steam when used at a simple initial pressure 
without expansion, we shall find it much less than that which 
ta reahy produced in the Cornish erigme. 
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Leaa shows, from actual recorded measurements and 
Itioua made during six months at the United Mines, that 
1. of coal will convert 15 cubic feet of water ialo steam, 
It 500 cubic feet of steam, at a pressure of 50 lbs, on 
tare tuch, are generated from each cubic foot ol'wnter.* 
•rs that 100 lbs. of coals would produce 500 X 15 = 
nbic feet of steam at a pressure of 50 lbs. Hence, " if 
tan could be applied immediately to the water at the 
I'of the pump without loss by coudeusation, while aper- 
gaum was constantly maintained at the top, the weight 
I foot high by the consumption of 100 lbs. of coal, 
be 7500 X 144 X 50 ^ 54,000,000 lbs. : while the 
f the best steam engines in Cornwall (although eucum' 
ff much machinery) has been known to exceed double 
jniber." He then proceeds to show that the steam 
j^orked expansively developes a great addition of powei 
^that which is due to its first actiou on the piston at its 
fBSure. The mode of calculating the increased effect 
ttie expansion of the stenm wheri cut olT Ht various pitrts 
(troke, is explained in a very simple and familiar man- 
th by Mr. Lena and Mr. Pole. It is also to be found 
f books of a more popular character, where a small 
t hyperbolic logarithms is inserted for the purpose of 
I the necessary calculation. It would be going beyond 
ptB of this work to enter on this subject, and we must 

^t, therefore, with referring to the scale at page 284, 
iws the efficiency of an engine at different degrees of 
Ive working. 

|en the steam admitted at full pressure during the whole 
Stroke produce an effect of 54,000.000, it will produce, 
eut off at any part of the stroke, an cicect equal to 



■= 9'37 Iba. of water emporated by eacii lb. of coal. Mr. 
tbat tbe beaC Welsh coal would evEpoi-ate 9-493 tinin 
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54,000,000 multiplied bj the con-esponding number il 
above »c«1e. Tlius, if cnt off at one-fiAh, the effect n 
)4 X 2li09 = 141,000,000. 

Mr. Pole takes up the subject just where Mr. Lemi lea«l I 
off, and shovs that the effect due to the steam nhen Todtd i: 
expanEiTely, is much greater than that ever reported u tk 
duty of snj Cornish en^e vhatever. 

He takes foresample acvtinder 70 inches in diameter, to viH 
■team of 45 Uw. pressnre is admitted daring one-sLi th of ih 
Btroke. Using the hyperbolic or Naperian logarithm of £,■ 

same way as already csplained, he finds the effect w' 
would be developed by steam worked at this rate of espanwc 
s 1 54,000,000 ; and in a similar manner he finds that w 
cut off at I of the stroke the effect produced is 170,000,110(1, 
and with ten times expansion the effect would be 1 80,000,(H)& 

curding to Mr. Lean the effect produced by expanding ai 
limes would be .14 X 2-792 = 151,000,000 ; at eight time* 
it would Ije 54 x S079 = 166.000,000! and at ten tiiMJ 
X 3-303 = 178,000,000, The alight difference betvfcta 
the two is BccounLed for by Mr. Pole assuming the tclitire 
density of water and steam at 45 lbs. pressu 

:reas Mr. Lean takes the relative denEities at 50 lbs. pres- 
sure as 1 to 500. The densities being inversely as the prss- 

a, if one cubic foot of water expands into 50U feet of sti 

at 50 lbs. pressure, it ought to expand into v? =5Sfi 

cubic feet at 45 lbs. Mr. Pole's rate of expansion is takoi 
from De Pambour's tables in his Theory of the Steam E 
On the whole, it agrees remarkably well with the eitperimaitt 
described by Mr. Lean at the United Mines ; and the etik- 
menta made by the two authors we have quoted, must be held 

;ntially to confirm each other. 
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COST OF BAISING WATEB BY STEAM POWEB. 

Mr. Wicksteed has recorded the fact, that the expense of 
pamping hy Cornish engines at the East London Waterworks 
18 '150 pence per 1000 gallons raised 100 feet high. This is 
equal to 150 pence, or 12s. 6d, for a million gallons raised 
100 feet high. 

According to some recent returns hy Mr. Duncan, engineer 
of the Liverpool Waterworks, the cost at the most expensive 
of their pumping stations — namely, at Hotham Street — was 
nearly £4 for a million gallons raised 100 feet ; hut at Windsor 
station the cost was only 18^. Id. per million, and at Green 
Lane only 15^. 9d. per million. As these two are the only 
establishments that have really good engines and machinery, 
it is, perhaps, only fair to reject the others, and take the mean 
of these two. This, accordingly, is 16s. lid., or say 17s. per 
million gallons raised 100 feet high. 

The work done hy the engines of the Wolverhampton 
Waterworks Company is equal to raising annually 426 million 
gallons 100 feet high ; and the cost of this, in a district where 
coal is exceedingly cheap (only about 7s. ^d. per ton), appears 
from the Company's published accounts to be about £750 
a year, or about 85s. per million gallons. This is double the 
cost of the same work at Liverpool. 

The East London Company, according to a return made 
to the General Board of Health, used in 1849 a quantity 
equal to 2,121^^ tons of coal at 10s. 6d. per ton delivered, and 
employed an average steam-engine power of 372*6 horses, 
working 12 hours per day. 

2121-5x2240 
Hence 372-6x12x365 '^^'^ ^^^* ^^^ horse power per hour. 

The Southwark and Vauxhall Company in 1849 employed 
four engines, whose united power was equal to 355 horses, 
and the coals consumed amounted to 8 tons per day on the 
average of the year. This is equal to nearly 3 cwt. per day 
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for each torse power. The coal had cost for Bome jem 
13s. 3d. per ton, but in 1849 tho coal was only 10s. per ton, 
Snppoaiug the whole supply of this company pamped over 
their atand-pipe, which ia 185 feet high, the quantity ui 
millions of gallons raised 100 feet high will be 

"■ ■ - ^ „ - .j — ^4,061 millions raiaecl 100 feet high. 
The coftls iised for this are 2,920 tons, costing £1,460, oi 
only ubout 7s. for the coah Tised to raise one million galloiis 
100 feet high. If we add to tho cost of the coala tha 
large sum of il,000 for laboar, repairs, oil, tallow, vea 
and tear, &c., we shall have the whole cost of a million 
gallons only 12s. 

The establishment of tho Sonthwark and Vaushall Com- 
pany, under the able and skilful mnnngement of Mr. Quid;, 
compares very favourably in point of ecnui>my with Bny 
other that can be cited. The duty of the engines (ippears, 
from the preceding figures, to be very nearly 70 million lbs. 
for 1 cwt. of coal, tho coal consumed being barely 8 lbs. pel 
horso power per hour. Tkis work and the East London, 
according to the information now before us, appear' to b« 
about on a par as to economy of working. 

The Grand Junction Company in 1849 lifted 1,289 million 
gallons, the greater part of it passing over a stand-pipe 218 
feet high, and consumed S,170 tons of coal, which eoA 



Hence - ^^^^^-^ -^2,810 million gallons 



16^1 



1 
1 

I 



100 
raised 100 feet high at a cost of rather mora than 16l 
million gallons for coals alone. Adding, as bt'fore, £1,000 
for labour, &c., the cost per million gallons raised 100 foel 
high would be rather mora than 283. per millioa. Ibiaii 
considerably higher than the cost either in Liverpool, Gtit 
London, or Southwark and Yanxhall, but is in some 
accounted for by the higher price paid for the cnaJ, 
The following eBtimalea oS Ni«tV\ii?. e^-jensus s 
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from Mr. Hack's evidence before Mr. William Beckett's 
Committee in 1852 : — 

Estimate for working 100 horse power engine at Hamp- 
ton, for the West Middlesex Works : — 

£ 8, d. 
3J tons of Welsh coal per day =1,277 J tons pox 

annum, at 26«., in tlie stoke-hole . . . 1,660 15 
Two engine workers, two stokers, and two la- 

honrers, at ;£9 per week .... 468 0. 

Tallow, oil, hemp, and sundry stores. . . 150 

Bepairs to engine and boiler, and wear and tear 100 

£2,378 15 



The work to be done here is to raise 4,000,000 gallons a 
flay 46 feet high, which is equal to a power of 39 horses 
w^orking during twenty-four hours ; so that the annual 
cost is about J661 per horse power of actual work. 

The cost per million gallons raised 100 feet high will be 
trery great, according to the above estimate : thus, 

^^^^^^^^=671-6 millions raised 100 feet high, 

,^2,378 15s. no 11 1 

and — ^^ ^^ =£3 lis. nearly, 

for each million gallons raised 100 feet high. 

Both this and the following estimate by Mr. Hack are 
evidently extravagant. It should be observed that these are 
not in the same category as the estimates usually brought 
by engineers before parliamentary committees. The object 
here was not to show the committee how cheaply the work 
could be done, but rather to impress them with an idea of 
the great sacrifice which the West Middlesex Company was 
going to make for the public benefit by removing their 
works to Hampton, and erecting an additional engine at Bar- 
row Hill. No one can fail to be struck with the amount put 
down in these estimates, both for coals and labour. 

Estimate for working a 75 horse power engine for the 
West Middlesex Works at Barrow Hill : — 
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CoalH, 7B H.P. X 24 X 4 Ilia, per H.P. 



-3te 



.n = £3 18.. J I 



. this 



Two engine workers, at 40s. per week 
Two Btokara, aact at 2Gs. per week 
One labonier and engino deunor, at 31». 
Tallow, 10 Ita, par day, at 6rf- 
Oil, 1 pint por day^ 46 gB,llonB, at 5i, 
Yam, brmp, Sojs, and Bimdrf stores . 
Wear and teat of moubuiety 



or about £26 10«. per boree, reckoned 
tbe engine. 




Uaing the formula 



867 , 



tbe fall pow( 
pago 310) to derive from tSs 



duty the coals eonaumed per annum for each horea 
power, I find that the Bmalleat conaumption of coal in anj 
engine reported by Browne in 185S was nt tbe rata o£ 
8 tons 16 ewt. for each boTBO power of actual work. This 
ia tbe coneumption by Austin's 80-incb cylinder engine »l 
Fowey Consols. Tbe largest consamption by any engine in 
the same report is 80 tons 9 cwt. per annum for each boraa 
power ; and tbe average of the whole fifteen pumping 
engines is 12 tons 9 cwt., or a Utile more tLan a ton per 
month for each horse power. The coal used by the Cornisl 
engines ia understood to be tbe beat Welsh coal, capable of 
evaporating from 9 Iba. to 10 lbs. of water by each pound of 
coal. 

Let us examine for a moment tbe espense of tbe belt 
CorniBb engine as compared 'with the worst. Taking n 
engine working at 260-horse power, and assume that tlu 

• eaui of labour, oil, tallow, and small stores is the same for 
., but that tbe difTerence is in tbe coal alone, and assuDt 

I tbe latter to cost 16«. Tier ton. According to the &bai 
igui'es, we bave the worsti en^^e cQatm^lwi ausi^loi 
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Tons. Tons. cwt. 
260x20-9 = 5112 10, at 16*. . 
And the best, 250 x 8*16 = 2200, at 16«. . 



£ a. d, 

4,140 
1,760 



Annual difference against the worst engine £2,380 

The true expense of an engine is the original price added 
3 its annual cost capitalized, say at twenty years' purchase. 

Suppose each engine to have cost originally £25,000, then 
ve have the following comparison : — 

WoBST Enginb. 



Original cost 

Annual expenses, 4140 X 20 • « 

Best Enoinb. 

Original cost 

Annual expenses, 1760X20 



£ 

25,000 
82,800 



25,000 
35,200 



Total. 



107,800 



60,200 
£47,600 



Difference in favour of the host engine • 

Bo that the one engine will cost in the end more than 50 
per cent, above the other. 

Many comparisons of a similar nature might be made ; 
but the above is sufficient to draw attention to the fact of 
the immense consequence involved in what is called the duty 
of an engine and its corresponding consumption of coal. 

The following tahle shows the quantities of oil and tallow 
used for eleven Cornish engines during the year 1855, com- 
piled from " Brown's Engine Reporter " : — 



Average Horse 
Power em- 
ployed. 


Oil consumed 


Tallow con- 


Oil used per 
horse power, 


Tallow used per 
horse power, 




in quarts. 


sumed in lbs. 


per annum, in 
quarts. 


per annum, 
in lbs. 




33-6 


64 


767 


1-9 


22-8 




140-5 


329 


3994 


2-3 


28-4 




169-1 


351 


2886 


2-1 


17-1 




77-6 


104 


1560 


1-3 


20-1 




33-3 


51 


920 


1-5 


27-6 




124-6 


240 


2450 


1-9 


19-7 




76-5 


98 


980 


1-3 


12-8 




81-5 


86 


1963 


M 


24-1 




111-3 


137 


2000 


1-2 


180 




49-3 


109 


1620 


2-2 


32-9 




37-3 


105 


540 
Average 


2-8 


14-5 




_ / 


1 ^-^ 


\ . ^V<5i 


\ 
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Heneo it appears that the coo sumption of oil by Iha 
Comisb engines is eqaal to about 1*8 qaarts per annum for 
each horse of n'orking power, and that the cosfimnptioii o! 
tallow is eqaal to Sl-G lbs- per ammni for each horse. 

In order to show how this mode of eakalation will vroA 
out. and to compare it with the known expense of imkl 
vatcr at certain establishments, let ns take the case of I 
ISO horse power engine, working night and day throagbmit 
the year, and compute everything at the most modersU 
price possible. The annual working cost of soch an en^i 
will, on the preceding data, be about as follows : — 

Estiuiatcd expease of 160 horse power Cornish esgine, 
toking coals at 10s. per ton : — 

£ I. d. 

150 X 12 := 1800 tens of coal at 10«. . 900 

Wn^PB, wf £S per week, for 62 weeks . 468 

Oil 160x2 = 300 qiuttaat l>. B</. . . 22 S 

T«llow IfiO X 22 = S3001ba. at 6rf. . . 82 10 

Yhto, heoipf flax, ftc . . . . 60 



Work IGO X 83,000 = 4,950,000 lbs. raised ouo foot hi 
per minato, or ^?5-?U^^-*li^ = 2.602 million gallom 

raiaed 100 feet high in a year, then H£|=llj. 8d,pa 

million gnllons, the price at Liverpool being 16s. aeeoriling 
to Sir. Duncan, and 12s. 6rf. at the East London Works 
according to Mr, Wickstoed. Of course, if we take the priw 
of coal at a higher rate than 10s. per ton, the cost of pnmp- 
ing will be proportionately increased. There are few plsnsj 
in the kingdom where coal of snch quality as that used in 
the Cornish engines can be procured for 10s. per ton ; and if 
■we have an inferior coal, of course the consumption will be 
more than has been assumed in the above calculation. 

It is remarkable that the average duty of the CorDiah 
Viginm, ae reported by litowue^oi "ihe -5Ctt.i\?i^'i,ijul an 



1 



FOB RAISING WATEH. 321 

ell the proccdisg calcalalion ia fonniletl as to coosnmp-; 

of coal, correBponds almost exactly with what ' 
firstood to be the dnty of the best pumping cngiuel 
[ employed &t the London Waterworks — namely, ahonl 
tnillionB. It will not he safe, therefore, in colculationi 
waterworks engines, to reckon on a higher daty thaB 
mseqaence, it mnst he assumed that tht 
ninption of coal, equal in qaaljty to that used in Com.- 
; (namely, capalilo of evaporating shout 9 times its own 
^t of water), will be about 12 tons per annum for eactt 
e power. 

he following estimates of working espeasea were mat 
Mr. Hockdug for the Wolycrhamptoa Waterworks, 
tcb the quantity to be pumped was I3 miJhoa gallona 

The estimate was required in two forms, namely for rai 
1^ milHons in 24 hours, and in 12 hours. In either 
B however a part of the work was to be done in 6 hourBj 
aely the pumping of tho whole Ig million gallons a heiglu) 
S2 feet on to the filter-bods. For this Mr. Hocki 

i6-inch cylinder engine and a 38-itich pump; 
if engine and pump each 9 foot, and 9^ strokes pe: 
The other two lifts 299 feet and 148 feet, 1 
sther 447, osclusive of tho friction through the pmapini 
1, which was estimated at 15 feet additional for i 
supposing tho work done in twenty-four hours, and a 
r times this quantity or 60 feet, supposing it done in 

r one of these stations Mr. Hocking recommended a 
iO-inch cylinder engine and 19-inch pump, with 10 feet 
stroke for ^ach, and making 8| strokes per minute. For the 
other station he recommended a 45-inch cylinder engine and 
6-ineh pump ; length and number of strokes 

B for doing the work in 24 hoars ; if to be done i 
Kbours, the engines and pump were to be in duplicate. 



efore. Jj 
no in H 
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Mi. Hocuso's Ebtdutb. ^ 






1)™^-^^™ 


limmi«,j»ll». 
m 1-i b™j. 




One 36-inch cy- 
Under and 38- 
inch pninp. One 
60-inch ditto.and 
19-inch pomp. 
Ons 45-inch cy- 
linder and 19- 
inch pmnp. 


One 36-iaci ct- 
linder sad 5*. 
inch pamp. Tw 
60-inch cj linden 
and two 19.ind, 
pumps. Two 15- 
,-nchcrli«dcr« 
and two IS-inch 
pompa. 




Cort of Enirinee and Pomps . 
„ Building, . . . 


£ 
13,2(K) 

7,600 


£ 
21,800 
10,300 




20,800 


32,600 




VnSLT WOBKIHO BXTBHBBB. 

Goal at, 81. HI ton 
Enginemen's wages 
Firemen's wagee . 

Tallow, nil, hemp, and yarn 
for pocking, waito and small 

Per annom .... 


£ f. i. 
16 8 

8 10 
3 18 
1 10 

3 10 


£ •. <;. 

20 
8 

2 

3 

4 IS 




33 14 


36 IS 




£1752 8 


£1918 16 




The work to be done for raising the water in 24 honrs a 
equal to 168 horses, and for raising it in 12 honrs abool 
168 horses ; bo that the annnal expense per horse power in 
tho one case is about £11 2s., and in tie other £11 15s. 

The price ia also rather leas than ISs. per maiion gaUou 
raised 100 feet high when the work ia done in 24 honrs 
and about 13«. 2rf. when the work is done in 12 hoars. 
These results agree remarkably with the price of pumpin] 
given by Mr. Wickateed for the East London Works, namely 
12s. Gd. per million gallona, and also with the cost of pump- 
ing at other well-managed establishments in London. 

The cost of working engines ai co^ytao will vary with tho 


I 
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« 

f coal, which may range even for the same quality 
. to 30s. per ton. The price of labour, oil, tallow, 
jc, will also influence the working expenses. The 
rice of oil is from 5s, to 6s. per gallon, and that of 
)d» to Id. per lb. 



WATERWORKS OBTAINING A SUPPLY FROMj 
EIVEBS AND STREAMS. 



Borne of the principal towns in this conntry are Hnpn 
from the rivers in their immediate neighbourhood. 

The dail^ snpply to the metropolis now esceeds 1 
Kon gallons, and abont one-half of this quantity is pun 
tiy five companies from the River Thames. The remui 
three companies supply as follows : — 

Thi Hev liivor Cumpinf , from Uie River l^ea about IS mil. gi 

„ „ from wells and epringB . 1 

rhe Rnat London Company, from the Riv^r Lea . Si 

The Kent Company, &om chalk wella ... I 

:Bo that ahoTit 65 million gallons, or 85 per cent, of the 
Tchole, are supplied from rivers. 

Amongst the principal towns in England which derive Uie 
greater part, and in most cases the whole of their supply 
rivers, are York, Penrith, Darlington, Newark, Derby, 
Nottingham, Cheater, Worcester, Norwich, Exeter, aud 
Plymouth. 

The South Staffordshire Works afford an example of i» 
modem work on a very largo Fcale taking a supply from a 
river. Tlie works are designed to afford water to a con- 
! of towns grouped together in South Staffordsliire, 
forming what is called the Pottery District. 

The system of , pumping water from rivers has also haen 
much adopted in many foreign works, especially in France, 
Prussia, and the United States. 

Much has been said in favour of a supply from large 
rs on sanitary grounds. The water is neually softer 
] that dorivod from ■neWa, VEfiin^, e.ad small Btieams, 
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BODiftins a less amoniit of miseml salts tbiin either of 
eee, at the same time that it is oommonly more iwj 
Lted ■with organic matter. A large river flowing 
any geological formations and many different varieties of 
>ilB, may bo naturally expected to take up in solution 
ariety of mineral matters, and therefore to prOKcnt a greater 
umber of ingredients than water derived from a more 
united area ; and this we generally find to he the pecniiaz 
taracter of river water. 

It seldom happens that the water of a large river ca 
nade avaOahle to supply a town by gravitation. Rivers 
iBually occnpying the lowest levels of a country hai 
Host cases to be pnmped to a coasiderable height, and it 
seldom pays to take the water at a point so far abovi 
town that it will flow by gravitation, without the necessity 
Cor pumping at all. 

So Email a proportion of the New River water now flows 
"fcj gravitation to the New River Head, that wo shall not be 
ia wrong ia saying that the whole supply of the metropolis 
—about 100 million gallons a day — ia now pumped to a 
leight of 200 feet, in order to afford sufBcient pressnre for 
fc snpply of London. 

VOLUME OF RIVER 8. 

The volume of water carried off by rivers is exceedingly 
'aripQB, depending on many conditions, such as the basin 
*hiiih they drain, the rainfall, the nature of the soil 
*hich they flow, &c. In tho larger rivers of England the 
'olumo of water is so great as to render them adequate 
'o snpply any quantity likely to be requirod for many 
years to come by tho whole population seated on theit 
oaeka. From 300 to 360 million gallons per day may 
lie takea as the lowest summer discharge of each of the 
Hree principal rivers in England, the Thames, thi 
Vcm, and the Trent, and there nro aovoral others which 
boarly approach this quantity. Of course the discharge 
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viiilcr and in seasona of flood is mach greater. The fol 


very Talonble table has been publislied by Mr. Beat 


sliowiiig the summer discharge of various rivers, strear 


springs, wheo unmfluenced by any immediate rain. Tl 






the sea, aiid the proportions which iheir total dischai^ 


to the basin or drBinage area, and the proportion wb 


volume of di^chnrge bean, ia certain cases, to the tot 


fall of the dbtrict. 
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und, Onfoni ctaj, oolilcs, &c. . 


40 to 7on 


3,086 


10,000 
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JfTem, It Stonelieiich— Bilurian . 
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S'<9 
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100 lo eon 
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Oxford diy and liu 


10 to 600 


QSO'O 


5.000 


8-lS 




Mtinrnm, at PnnshaiieT — chalk . 


200 10 500 
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i,aoo 
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Ua, at Lea UridgB— chalk. (Ren oie. 












Apnl, 1/96.) .... 


30 to 600 


>70'0 


8.880 


I5-S8 




Wandle, below Carihalton— clmlk 


70 lo 3S0 


41'0 


1,800 


13-9 




Mcdwaj, drieit aeaaoni (Rennie, 












1787)— clay .... 





»81'5 


2,209 


4-59 




Dillo, ordinai7 luninier run f Ren- 












iiie, 1787)— Clay . 
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Verulam, at Bushey Hall— eliaik 


ISo'to 500 


120-S 


1,800 
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150 to SOO 


69'5 


2,500 


36-|l 




rlym, Hi ShBEpslor— granite 


JUO to 1.500 


7-6 


500 


nM 




Some of the results in this table are very strikJM 
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■brthj of observHtioD. It appears the Thamea, tbe Severn, ^fl 
!lie LoddoD, the Medway, and the Nene, which flow over a 
5Teat variety of surface, many of them httle absorbent, all 
carry off iu the middle of summer less thaa one-eighth pact of 
Uie average annual rainfall. Contrasted with this are two 
chalk rivers, the Mimram and the Waudle, which each dis- 
charge at lowest summer level nearly half the total average 
*aiiifall. This shows very clearly the influence of the springs 
"by whicii such rivers are raaialj fed. Rivers flowing in a clay 
liaain arc only fed by the raiu falling within the actual basin ; 
and as this rain evaporates very slowly in winter and very 
rapidly in summer, such rivers are subject to great winter 
floods and to severe summer droughts. The flow in chalk 
districts is, however, much more uniform, because the rivers 
are fed by springs as well as by surface drainage ; hence the 
water stored up in subterranean reservoirs is discharged by 
clialk rivers even in the driest seasons. In fact, they dmw 
their supplies from areas beyond their actual basin, and th«] 
diEcharge is much more uniform throughout the year than ti 
most other rivers. 

It is probable that the two other chalk rivers iu Mr. Beard* 
inore's table, namely the Verulam and the Gade, are not 
largely fed from springs as the Mimram and the Wandle, 1 
summer discbarge of these not much exceeding that of t] 
clay rivers. 

_ VOSKS OBTAINING A SUrPLV FKOM DRAINAGE AREAS. 

■ There nre certain geographical and physical considerations 
■nnnected with this subject which it will be proper to allude 
^0 before noticing some of the most remarkable works of this 
kind. A flat, low-lying country is seldom well adapted for 
the impounding of wiiler by embanking across the valleys. 
In such a district long and shallow embankments would be 
required, and these would cause the water to spread out over 
a great area with a very shallow depth. Under these circum- 
itances the water is apt to vegetate and become highly impure. 
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A|^n, in th* low-lying districts of flat countries the minfBlV 
telAom Dvarlv so gn-nt ns ia uplnnd districts, so thnt much 
Urger drsinsffr iimis must be sought. The water power 
ftlso marh more valoabk as the falls of riTers become less, Bid 
M much larger eompensatioa is dnimed bj millera for ihi 
■bstrflcted for economical purposes. 

NcArly nil these conditions are reversed in the elevated £b- 
tricts and among the older rocks, considered geologically, in 
cnnlrnst with those of the secondary and tertiary formatiom. 
It follows from these considerations that most towns sitn»te 
in low and flat districts are supplied from neighbouring riven, 
while those in more elevated districts, such as the great mwn- 
fac<arin|[ towns of Yorkshire, Lancashire, and some in Scot- 
land, are chiefly supplied from water impounded by embnk- 
tnents across the ralleys. 

In addition to the general configarBtion of the valleys, which 
cnight to he deep, and with precipitous sides finnlced by loAy 
hills, there are several other points which require attentive ei* 
■minntion in projects fgr collecting water from drainHge arena, 
These are, 

1. The area of the watershed. 

2. The geological character of the soil as oiTecting its oq* 
dly to absorb raiu and to allow the infiltration of water thropgh 
it. 

3. Tiie character of the surface soil or covering of the di^ 
trict, ns affording soluble ingredients, which mny be taken "p 
by the water nnJ serve to contaminate its quality. In (h'n 
point of view districts of decomposing pent, districts of arible 
agricultural land richly manured, and places thickly covered 
with population, are often highly objectionable. 

4. The rainfall of the district, and especially the minimiUB 
fall m fluy one year. 

5. The nature of the snrface soil as affording facilities (or 
procuring puddle and constructing retentive reservoirs. 

6. The consideration of compensation to millowners, sni 
possibly to landowners, where the water is used for irrigfttioo. 
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BWhe -geological structure is extreTncly importaut in estimatinj 
!%<> capacity of a draiuage area. It is not alone tlie rain whiclu 
fnlls on the sloping surface of the hills and finds i 
gntTiIation to the lower levels, but the effect of spri 
often Tery great in augmenting tlie qanutity of 
Beardmore relates an instance wliere an oolitic district wt 
found discharging a very large Tolume of water with scarcely 
nnv drainage area lying above or Ijeyond it. In this 
porous slrata, with a very small dip cropping out 
ddes of the valley, were deliveriiig the water which filtered 
into them far beyond the limits of the drainage area, as i 
cated by the lerels of the surface. In fact, many districts 
he found to have a geological drnioage area as well as n surface 
drainage ; and it often happens thtit the former is for the most 
important of the two. 

Many drainage areas are also valJeys of elevation, in which 
the strata dip in opposite directions on opposite sides of the 
valley. In this case it is evident that much of the rain falling 
no a porous surface will insinuate itself between the partings 
of (he slrata, and flow off in a direction contrary to that of the 
surface drainage. In this case we shall have 
that quoted by Mr. Beardmore, namely very large drainage 
areas yielding a very small volume of water, and therefore very 
inadequate as storage ground. 

In the actual examination and investigation of drainagSi 
ureas every possible case will be found. Some will yicldl 
only the qnantity due to the surface drainage, and will, 
be uninilnonccd by Bpringa either one way or the other. 
Bitma will yield in addition spring water which haa beea- 
i!. -orbed within the true drainage area, and other districts 
!l yield spring wafj3r from a more distant drainago. A 
Mill watershed will yield far less than the qnantity due 
'II its own area and slopes, owing to the peculiar dip of 
the strata, a peculiarity which has been already alluded to. 
All those points require accuriite and minute investigation 
h< every special case. Nor is this safficieut. The actual dis- 
: lEiio of water by the streams must lio 5!,M\g,ti ia-^ V-j 
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If llii i|iwailj \fimm ■liiili liai ftiliii iliiiiiii^i 

b« kBMTB, it >• not cHcndd bt bcTc 

tuA ot that jtmt%. Th* gn^gmg ol mi^ two, or H 

tmj \m taAatB^ to tauUbJk tht ] 

ami aebad £iA«ge. TUs [■ wpo i t i on mnit tbcn be q 

III iln ■liwiiiiiiii aiBhUimwajVBei 

bOitr of Uk (CMnar. 

It wS W MA in the Uthmw^ tible, dneflj tikcn fi 
B«flniBM(V*a nlamUe «etl(, wbieli has been s 
to, bow nriaUe aic the profMrtians which obUua betw«ni ill 
whttk ram&n and the araiUile qoMiti^ which can be coUedd 
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he proportioD appears to range from one-third to four- 
i of the whole rainfall. 

le preceding table represents the depth of rain falling per 
m on certain drainage areaa, and in the next column the 
li of rain nhiuh will produce the actual quantity Sowing 
le streams and rivulets of the district. The difference 
een the two depths in each case is composed of the 

The loss by evaporation and the moisture entering into 
itable life. 

The amount absorbed hj the soil, sinlting into the 
id, and not afterwards given out by springs within the 
age area, 
le third column of the table shows the percentage of the 
e rainfall which can be collected. 
r. Hawkcsley is aaid to have made experiments o 
of 100 square miles, which showed that 43 per cent, of 
whole rainfall could be collected in reservoirs. 

Stirrat found, as the result of three years' esperiments 
^isley, that 67 per cent, of the whole rainfall could be eol- 

and deUvered in the town. 
lome very accurate esperiments were made in America, to 
iTtain the proportion between the rainfall and the depth 
jh could be collected to supply the reservoirs of the Che- 
;o Canal. These experiments were made in Madison County, 
York. 

ne Hiperiment was made on the watershed of Eaton Brool^ 
rea of 6,800 acres, with a steep slope, and a compact 
iflaid by hard greywacke rock, elevated ISiiO feet above the 
The quantity of water flowing off this drain nge arep 
nrately gauged every day for a period of two years, anc 
tad to amount to 66 per cent, of the whole rainfall. 
Another experiment was made on the watershed of Madison 
»ok, an area of 6,000 acres, 1,200 feet above the sea. The 
68 here are not so steep as in Eaton Brook valley, and the 
IS gravel, resting on greywacke. It was found in 
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Ktbil 50 per eenu of the whole rainfall was carried off h 
die srreanis. 

ExperimeDta were made at two stations on the draiin( 
ground of the Albany Waterworfca. At the first sUtio 
lAving « watershed of 2,600 acres, it was found that from 1 
ill Ortoher inclusive only 41^ per cent, of the runfriln 
Mirried off by the atreams, but in the other sis months, fro 
4o»embcr till April inclasive, 77'6 per cent, wns so carried dI 
This was in the year ISSO ; bnt in the very nest year, IHl 
he streams carried off, between May and October iiiclnBi<q 
no less than 82fi per cent. 

On another area of 8,000 acres the streams carried off, &ini 
July to December inclusJTe. 335 per cent., and from Janur 
June inclusiTe, 536 per cent. 

The following Inble, showing the capacity of reservoirs i 
proportion to drainnge area, is taken partly from BeardmoU 
Rnd partly from other sources. 




NAHB OF RBSERVOIK. 


Dr.fa,.gt 
3i|»™nill«. 


Bwrnper 


millidnrfj 


Grrenock 

Glmcone (Edinhurgl.) . 

BElniont 

Kivinglon Pike. 
Tartan uid Entoislle 

Bolton 

Sbeflieli) 

Longdendale .... 
Propwitil rewrrolr for WoWcr- 

htmpton Worki . 
Albany Work., U.S. . 
DilwDrth resertoic of Preston 

Works, Luncanliire 

cubic feet of reseiToir Id each 
acre of drainago . 


7'88 
600 
2-81 
lfl-25 
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1-42 
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29 
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2fi'8 
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PACTTY OF IMPOUNDINO BESEBVOIBS IN PBOPOBTION TO THE 

SUPPLY TO BE AFFOBDED. 

The mvington Pike reservoir was to contain 3,156 million 
Uons, and was intended to supply Liverpool with an ave- 
ge of 18 miUion gallons a day, besides 8 million gallons a 
ly to millers. Hence it is calculated to hold 150 days* 
'erage supply. 

The compensation reservoir of the Gorbals Gravitation 
Torks for the supply of part of Glasgow, contains 12 million 
ibic feet, and covers an area of 80 acres. 

The other reservoir covers an area of 40 acres, and con- 
lins 88 million cubic feet of water, or about 80 days' supply; 

The reservoir of the Bolton Works contains nearly 21 
aillion cubic feet, and has to supply 900,000 gallons a day, 
(0 that it holds 146 days' supply. 

The Belmont reservoir contains 75 million cubic feet, and 
aas to supply nearly 8^^ million gallons a day, so that it con- 
tains about 136 days' supply. 

The Longdendale reservoirs for Manchester were to con- 
bun 292 million cubic feet, and were intended to furnish a 
JUpply for Manchester (including the compensation to millers) 
»qual to 74 days. 

The reservoirs of the Preston Works are four in number, 
t different levels above the town, varying from 448 feet to 
feet. They contain when full 167 millions of gallons, or 
bout half a year's supply for the population of 80,000 persons. 

DIMENSIONS OF EMBANKMENTS FOB IMPOUNDING BESEBVOIBS. 

Bateman's Compensation Beservoir at Longdendale has 
I'll area of 123 J acres, and contains nearly 155 million cubic 
€et. The embankment is 27 feet wide at top, and 4 feet 
fiigh above top water ; inside slope 8 to 1, outside 2 to 1. 

His Crow4«n reservoir has an area of 18 acres, contains 
18,493,600 cubic feet, the embankment is 15 feet wide at top. 
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4 (cet high above surface of water, and the same slopes a 
ConipeuKation reaervoir. 

The embankment for the impounding 
Croton Waterworks for suppljing New York is compo; 
earthwork, with a base of 373 feet. Behind this is a n 
oiBsouiy, 6 feet \iide at top and 65 feet at the base, 
masonry is built upright on the upstream side, or that w 
ing the earthen emhankmeut, but with oeraaionai ofisets, 
outer face of the masonry has a curred form, so as to pm 
water over without giving it a direct fail on the apron 
foot. The aprou is formed of timber, stone, and concrett 
extends some dutance from the base of the mHsoarfj 
afford protection at the point where the water has the gr 

A lower dam has been built at the distance of 100 , 
bi'low the mnsonrj of the m^n dam in order to pen u| 
form a baain of water setting bach over the apron atthel 
the main dam, in order to break the force of the water f 
on it. This lowpr or secondary dam is formed of round tii 
brushwood, uid gravel. 

BESERVOIRB OF THE GOBBALS GRATITATIOK-'WOBI 

The Ryatt's Lynn, or upper reservoir, which holds the 
pensation water for the millers, covers 30 acres of groood 
has n. capacity of 75 million gallons, the surface of water! 
3(10 feet above the Broomielaw quay at Glasgow. It is fo 
hy an embankment about 450 feet in length, with a heig 
the centre of 40 feet. 

The lower or Waukmill reservoir covers an area of 40 1 
and has a eapacily of 3S million cubic feet. It is form 
an embankment about 550 feet in length, vritb an exi 
height of 55 feet. 

AMERICAN ^VOBKS. 

The dams constructed by Mr. McAlpine for the rese 
of the Albany Works were lU feet wide at top, and were ri 
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Up 8 feet aboTe top water line. The slope on the outside is 2 
to 1 , and the inside has the same slope to the bottom of the 
conduit, where a berm of 5 feet wide is made, and thence to 
the bottom of the dam is a slope of 3 to 1 . The inner slope 
of the bank is pitched with stone to the level of the bottom of 
the conduit, and the top and outer slopes are covered with turf. 
Through the bank is carried up a puddle wall, 8 feet wide at 
the top, and increasing in width at the rate of 4 feet for every 
10 feet of depth. 

His dams for the reserroirs of the Brooklyn Works are 20 
feet wide at top, and carried up 5 feet above top water line. 
The slope on the outside is 2 to 1, and on the inside 3 to 1 . 

In the centre of the bank is a puddle wall of clay, 8 feet 
wide at top, which is 3 feet below the top of the dam, and in- 
creasing in width at the rate of 4 feet for each 1 feet of depth. 
The top and outer slope of the dam are covered with turf, and 
the inner slope is protected by stone pitching to the level of 
the conduit. 

Great precautions are necessary in the construction of large 
embankments for the purpose of impounding water. An accu- 
rate examination of the groimd is essential, to determine whe- 
ther the seat of the embankment requires puddling, in which 
case the puddle of the seating should be perfectly joined, and 
worked into the puddle trench carried up through the middle 
of the bank. 

The bank should be formed in layers not exceeding 2 or 3 
feet in thickness, and should be kept higher at the sides, espe- 
cially the outer side, than in the centre, and every means should 
be taken to consolidate the materials and prevent slips. A ju- 
dicious examination of the material to be used is also necessary, 
as any kind of clay approaching in its nature to * fullers' earth ' 
would be highly objectionable, owing to its property of being 
acted on bv water. 

Mr. Thorn, of Glasgow, who has had great experience in the 
construction of these works, recommends that the embank- 
ments should have a slope of not less than 3 to 1 on the water 



tttroincEiiNa sESEsvoiBa, ^M 

He doea not approve of puddled trenches in th^ 
tt aft«r excavating ^e fitandation tu eiieh a deptb ae U 
finn.and to prevent the pasEage of nuter, he fonng th« bxo 
spreading altef nate layers of puddled peat or alluviiJ earth 
grarel, beating ihem well with noodeu dumpers till tbc] 
conipletrly niiied. He then covers the slopes «ilh a pa 
made of small stones or furnace cinders mixed with claT, i 
to prevent ihe )iaEsibility of moles or other vermin jveneln 
into the eniliaiikment. Mr. Thorn refers to many reser 
he lias constructed in this way without puddle treuche 
Greenock, Paisley, and elsewhere. 
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COST or IMPOUNDING RESERVOIBS. 

This has been very variable, owing to the great t 
priuea, which in some cases have not exceeded Gil. per t 
vard fur the bank, while in others the price has been U. 
following are some esaraples showing the cost of large r 
Toirs, including every expense of earthwork, puddling, p 
ing, wHste-weirs, valves, kc, but eiclusive of laiid. 

Dateman's Crowden reservoir, to contain 18,493,600 i 
feel of water, to coat ^10. 100, or se561 per million cubic 

Ills Armfield reservoir, containing Sti,7o5,5oli cubic ft( 
cost i;i7,065, or ^438 per million cubic feet. 

His Hollingworth reservoir, coolaiuing 12,348,100 ( 
feet, to cost ±'5,500, or ^458 per million. 

ilifl Armfield Moor reservoir, containing 13,0/2,58! ( 
feet, to cost ^£8,100, or ^£623 per million. 

His Tetlow Fold resi^rvoir, containing 8,849.310 cubic 
to cost ££6.5U0, or at'/^S per million. 

All the above are connected with Mr. Bateman's Lon^ 
dale Scheme for supplyiufc Manchester, and appear to be 
mated at fair prices, the embankmeuts being taken at li 
cubic yard, including puddla 

Kis large compensatiou reeervoir for the millers is to en 
154,573,420 cubic feet, and to cost * 11,250, or at ihc m 
only j£73 per million feet. This is so much at variance 
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Uie others, tbnt there must be something peculiar tii accoimtfl 
for it. One must either conceive a. remarkably favourable coa-« J 
Bguratiun in the valleys to admit of such an euormous v< 
of water being dammed up hj a comparatively small embank' ■ 
Blent, or assume that a kke or body of water already exists at I 
the place in question, and that the proposed embankment will ] 
iacrease ita volume to the extent iudicated by the figures. 

The Spade Mill reservoir, on the Preston Waterworks, coa- ■ 
taios 2(1,934,824 cubic feet, aud was estimated at £^G'25, < 
£258 per million feet. 

'riie Knowl Green reservoir, on the same Works, containt J 
7.256,8<!9 cubic feet, aud was estimated at ^4,288, or £613.| 
per million. 

lu the preceding examples the prices appear to range front I 
jfc' 21)8 to more than ^700 per million feet ; this great difi'er- I 
dice being chiefly caused, not by the difference of price, which | 
is nearly the same in each case, but priocipally by the variation 
of shape and form in the valleys, some of which admit so much 
more readily than others of water being stored up. Most of 
ilicse examples are lakeu from districts of millstone grit, where 
iliL- valleys are deep aud the sides precipitous. When embauk- 
im Ills are made across valleys of a more open character, and 
-Mill flatter slopes, the cost of water stored up will evidently 
be much greater. 



These have not been much used in this country, but hav»l 
bi'tn extensively adopted in France by eminent engineers (AM 
'ii:iL country. Mr. Conybearc, in liis Report on the supply o 
iii.-r to Bombay, quotes three examples ut' large stone dan 
iL'otcd on the Canal du Midi and other canals in Fraiica.^ 
! :,.se dams vary in height from 40 to 70 feet, o 
.'iK-tcd according to a formula given in the Jide-m^oitvM 
1 which is commonly followed by the P'reiich engineers. 
Dirinult the thickness of the wall is made as foliowi 
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IhiIIoid MvcQ-tciitlis uf Lhe hdght, at middle five-tentljra 
at top three-tenths. 

Theae dams of masonry, it is believed, would be in 
eipcDsivc than earthworks in this country ; and from a 
parative estimate made by Mr. Conybeare for his o 
of the Bombay Works, he found that while a clam of i 
noiild cost 56235 per yard forward, one of earthworli 4 
only cost jEIOO. 



This is the name given to the small reservoirs holding frao 
one to three days' sup|)ly, vihich are constructed in ihe immcdiile 
neighbourhood of a town. The most useful kind of si 
reservoir ia one situate upon an eminence at a anfficient height 
to give high pressure over the tops of all the houses. Sonw- 
times however the service reservoir la at such a low letel tlmt 
the water has to be pumped up from it. Under all cii 
stances, however, the contents of the service reservoir will I* 
available in case of any aeeldent happening to the main 
supplies it, or to any more distant port of the works. 

Service reservoirs as formerly construeted were comoKinlf 
mere open ponds, either with upright or sloping sides, liiieJ 
either with concrete, brickwork, or masonry. The saniliiT 
principles of the present day, however, seem to require tlmt, 
ut all events in the neighbourhood of large towns, the te- 
vice reservoirs should be covered over with a roof either uf 
brick or stone. The advocates of covered reservoirs not oiilj 
claim in their favour the advantage of preserving the wnh 
from Boot and tlie atmospheric impurities of lai^e towns, but 
ibey also insist strongly on the superiority which the wstur 
possesses in other respects when stored in covered reservoii*. 
The principal of these are the uniform temperature and the 
freedom from vegetation, which m found to be a serious s 
auce, especially in water from the New Red Sandstone, «hen 
exposed to the action of air and light. 

The construction of covered service reservoirs is extremelj 



BtSSVICB BKSEB vomits. 

simple. A suriGS of parEiUel wulla or [liern U built llirougLoulfl 
the resQrvoii', and between Ihcae urcLea are turneil, of half w 
brick or oae brit'k in thickuess, accoriling to the span o 
tance between the piera. Tbe arches are either aemicirL-leS:! 
or Sat segments of a circle. Otliitr covered reservo: 
constructed by building parallel rows of brick, iron, or stone I 
culumns, tvliich sujtport cast-iron girders, aiid from thesfr I 
girders the arches spring, as before. 
The cost of eovercd reservoirs varies from 31l». to ^3 pep | 

tliousand gallons of capacity. One of the cheapest c 
reservoirs which have been constructed is that of the Wolver-j 

hftmpton Waterworks at Goldtborn Hill, from tbe designs ( 

Mr. Marten. This rescn'oir is in two parts, containing toge- ' 

ther 1,5(10,000 gallons, and the cost cxchiajve of laud is saic^l 

imt to have exceeded j£2,200. 
Tlie covered reservoirs, with solid brick piers, appear to be.fl 

Somewhat less expensive than those built with brick arcben I 

siijiported on iron columns and girders. 

The following trial estiniatea, made in my own office for I 
'arinus reservoirs at the same schedule of prices in each c 
"ill show the difference : — - 



CuuUi 





With brick Brvhca 


Wilh brick 


nta of ReBervoit. 


on liritk piers and 


mi iro.. co! 




cross walla. 


ani! Birde 


milUnD galloDS . 


£ 2696 


X2B20 


million do. 


3688 


3937 



ovo prices do not iucludo the cout of laud, sluices, 

i of tho best and most recent examples of elevated 
Burvioe reservoirs is that erected by the late Mr. Simpson on 
Sntney Heath, for tho new Works of the Chelsea Company. 
In tho works designed by Mr. Simpeon for this Compauj 
lliete is an obvious advantage over the schemea of the other 
London Companies, namely that the water Is pumped up to 
an iutermediato summit reservoir on Putuey Heath, capable 
of conlaiuiii^' 10 milJiojj gallons, and Iroio ttiia i:e\iiir\ott &.* 
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vit.tot gnivitittos to all parts of the Chelsea dlslnut. Tbe 
Bpot seloctod for the reservoir is the highest gromid on 
Patnoy Uoatli, being sitnato immediately on the west side of 
tho Old PortEmoittb Road, and also adjoiuing the west aide ' 
of the road from Wimbledon to Falham. This part of the 
heath ia distant six miles from Boothing Wells near Thatma 
Ditlwn, where tbo newanpply is taken fi'om the river Thamei, 
and 105 ftiut above the river at that point. 

The Works at Patney Heath consist of a doable covered 
roHorvoir, to uontain filtered water for tho domestic cocstiinp- 
tioit of tho district, and of a smaller open reservoir, to conkia 
Hnfittered water for the snpply of the Serpentine, and tu fill 
a main pipe for tho purpose of watering the streets. Tbe 
covered reservoir is in dnpL'oatc, each part having an oreaftt 
tho water surface of SIO feet by ICO feet, and a depth of' 
20 feet, the sides all round having a elope of 1 to I. This 
givea a mean area of 290 feet by IJO feet, and a capacity of 
6iO76,U0O gallons for each reservoir, inclusive of the space oc- 
cupied Ly tho piers. Hence the whole capacity may be taltfli 
as stated by Mr. Simpson in bis Evidence, at 10 niillioa gal- 
lons. The sides of the reservoir are cut oqI in the form rf 
sleps, nbich are filled up with concrete to a unirorni slope of 
1 to 1. A bed of concrete one foot in thickness is also laid oVH 
the whole bottom. Each half of the reservoir is coverrd "illi 
8 brick arches, averaging rather less than 20 feet span, tbe. 
side arches being each 20 feet span, and the others IB feetS' 
inches. The piei's, supporting these arches, are built length- 
ways, aud are each 310 feet long at top and 270 feet at !»». 
The arches are each one brick in thickness, and are covbW 
over with a layer of puddle, the hauiiclies being filled up wa 
concrete. The piers ore carried up 14 inches thick, but At 
division wall between the two parts is rather more than 4 fW 
thick, with a concrete slope of If to 1 on each side. The iJ- 
inch piers supporting the arches are built with large circulU 
hollows I7f feet diameter. Tlie centres of these circular hd- 
lows arc 40 feet apurt, so tWl soUd brickwork 23 feet lojigi'' 
lel> btLweea tlic citeulav UuWuwa, £MV\Kis\v.^^V«xa.i\i\»l«t- 
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lujjli the centres of tlie liollowB. Eacb of tlie 
jet epuees liaa it 14 inch coiiDtorfort caiTied out at right 
These counterfort a occur at intervals of 20 feet and 
>et alternately, and project foet wide at the base on each 
of the pier, and mn out to nothing at the top or springing 
le arches. In each of the 15-feet Bpocea between the coun- 
irta there is a emaller circular hollow of 51 feet diameter, 
arehes spring from Blew bnclra formed of carofnlly monMod 
ke, perforated longitudinally with inch hollows. Those 
e at Kiugaton-iipon-Thamo3 hy niachiiiory ox- 
3 for the purpoBC, The versed sine, or rise of 
irehes,is4foetSincheH,or rather more than one-fifth of the 
>. Each arch is provided with two openings in the centre, 
itnunicating with a line of i 2-inch earthenware tubular pipe, 
ch passes tliroiigh the spandrils, and comniunieatea witi 
orated iron tops in the division wall between the two part: 
e reservoir. By this contrivance the space above the 
■ in the covered reservoirB is effeetually ventilated, 
e supply-pipe from Thames Ditton is 30 inches diameter, 
comes into each part of the reservoir at the level of top- 
Br, which is a few inches helow the springing of the arches, 
this level a waste weir or overflow is fi\ed, to prevent the 
r from being filled too full. The exit maina to London 
ist of two 24-iuch pipes, and tliey pass oft' from the bot- 
of the reservoir which has an inclination in one direction 
in 20, and a fall across of 6 inches. The surface of top- 
IT in the reservoirs wi!l ho 163 feet above Trinity liigh- 
Binarlt, the highest part of the district to be supplied being 
a Road, Kensington, where the houses stand on ground 
feet above Trinity high -water mark, and where the ground 
lediately beyond the Iiouses is IJ5 feet high. To supjdy 
s of these houses a stand-pipe, 45 feet in height above 
surface of the reservoir, will have to be creeled, 
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0pm Uesfnoir at Fut-nfij Tb-ath. 

Closely adjoining these covered reservoirs, and on tlienoi' 

aide of them, is tho open pond to contain the unfiltered water i 

flushing sewers, -wfttoring streeta, and snppljing the SorpenliDS 

Hyde Park. The area of thia reservoir is 194feethy 104 faet 

at top. The depth is 12 feef, with concrete slopes of 1 J lo 1. 

Hence the mean area ia 172 feet by 86, and the capacity, whcil 

full, something more than a miihon gallons. The supply-pipe 

this reservoir is 15 inches diameter, and enters at the 

bottom, discharging through two openings fitted with valvM, 

which open only to admit tbe water, but will not allow \t (D 

n hack. The entering pipe is coiitintied vertical to a heigtil 

ove the surface of water, in order to admit of the escape of 

■, &c, The surface of water in this reservoir is OJ feet abo« 

that in the covered reservoir: this is to produce a mora 

■nt discharge through the I2-ineh pipe which lenda (0 

Loudon, 

le 1 2-ineh discliarge pipe goes off from a circular well sunk 
.'i feet below the floor of the reservoir, which has a fall or slope 
of 18 incbes. The deptb of water is therefore I 'J feet at the 
upper part, and \S\ feet at the lowest. 



ere are two distinct methods of constnictiug these, in W 
lich the various kinds of filtering material are placeil in 
compartments side by side, while in the otlier kind of filiw- 
bed the materials are placed in successive layers one above '^ 
ner. The first is the method coininouly adopted in Scotlnndi 
used for the Gorbals Works, and for the Works at PsiBkyi 
Kilmarnock, and other towns. The Scotch system of filtratinu 
that which has been adopted by Mr. Wrigg iu llie new 
Works which he is executing for tbe town of Preston in Lw' 
cashire. The other mode, namely that of filtration by de- 
scent thraugb siicceaaive horianntal layers, was first adopted in 
linglnni} by Mr, Siiopso" tav ftic C\wWo. Works, ami Imi 
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since been followed in all those numerous English Waterworks 
in which filtration is practised at the present day. 

Scotch System of Triple Filtration. 

The filters of the Gorbals Gravitation Works of Glasgow 
afford, perhaps, the best example of the filtration through 
compartments. They were designed to filter about 3 million 
gallons per day, but the quantity is gradually increasing, hav- 
ing been 2,904,000 in 1852, and 3,274,000 in 1854, with a 
further increase during the last year. 

The filters are situate on the brow of a hill about 330 yards 
distant from the Regulating House, and the water is carried 
along the sloping surface of the ground in an arched stone cul- 
vert, which is laid on a dead level all the way. The culvert is 
flat-bottomed, 4 feet wide and 4 feet high. 

The filters occupy a rectangular space 360 feet long by 80 
feet wide. The length of 360 feet is separated into two com- 
partments by a division wall, and the breadth of 75 feet, is 
divided into three spaces on each side of this division. The 
filter may be described, therefore, as a double range of three 
compartments, each range being 180 feet long and 75 feet 
wide. The first compartment, or that nearest to tlie delivery 
Culvert, is 15 feet wide and 4^ feet deep, being filled with 
broken freestone. The second compartment is nearly 24 feet 
\vide, and is filled with gravel to a depth of 3 feet. The third 
Compartment is 34 feet wide, and is filled with coarse sand to 
a depth of 2 feet. The bottom of all the three compartments 
in each range of filters is on the same level, and was thus 
prepared : — the bottom, after being excavated to the proper 
do|)th and well levelled, was filled with one foot of puddle, and 
on this was placed a layer of small stones or very coarse gravel, 
which was well beaten in, to form a surface proper for the re- 
ception of a layer of cement one inch in thickness. 

On this layer of cement rows of brick on edge are laid, one 
inch apart longitudinally, and 10 inches apart from centre to 
centre, measured transversely. On this open groundwork of 
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bricki n»i9 ■ close-set flooring of tiles one inch lliid 
fomlcil nil orer wilh holes one-eighth of an inct in di 
Tliis foil million b the same for each of the titter-beds, 
mnlerial with which they are filled is different, ns 
slated. The broken freestone in the tirst compHrtmei 
pii-eei (lUiut (he siie to which road-metal b commonly 
Dkinely such BS will pass through a 2|-incli ring. The 
oompnrtmeDt contains screened gravel, and the third 
coarse sand procured from the larger Cumrae Island, in theFrilk 
of Clyde. 'Die culvert which conveys the water to be filleirf 
apprrmehcs at one comer of the compartment filled with lit 
freestimp, nod passes alongthe whole length of the two roup* 
nt the back of this compartment. This part of the culvert it 
n rectangle, 4 feet wide, 2J feet high, and is covered over hf 6- 
itii'li (lags, through which pass the screwed rods of a setus uf 
sluices with adjusting nuts et the top. Each range of filter) ii 
provided with 10 sluices. The openings of the sluices are long 
and narrow, so as to admit the water iu a thin sheet on t« tli> 
siirfnce of tJie first or coarse filtering compartment. 

lietwei n each of the filtering compartmeats is a paasagc twi 
feet wide, and estending the whole length of the two ranges of 
filters, in which the water rises up to its original level, after h»»- 
ing passed down through the filtering medium. There is also) 
similar passage between tlie third or final filtering medium and 
the pure water basin. Each of these passages is provided wilh 
twelre sluices, to admit the water from under the filter-beds. 
The process of filtration will now he readily understood. The 
water passing from the emulating valve-honse through the col- 
vert already described, proceeds along at the back of theconTH 
filtering medium, and the sluices being open, it spreads genllf 
over the surface of broken freestone, through which it pen"- 
lates with considerable freedom. Having passed through this, 
it finds its way, by means of the perforated tiles and the opHi 
brick channels on which they rest, into the first passage, itltf* 
it rises nearly to the level of the first filtering bed. At tiiii 
leve' it pours over in a ihin film on to the surface nf tl* 
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second or gravel filter, the top level of wliich is 1 8 inches 
lower than that of the freestone. Here it goes through tlie 
same process as before, and then enters the sand filter, which 
again is 1 8 inches below the level of the gravel. Finally, hav- 
ing passed through the sand filter, the water rises in the third 
passage and falls over into the pure water basin, which consists 
of two compartments, each 180 feet long and 66 feet wide. 
The side walls of the pure water basin have each a batter of 
3 feet on the inside, so that the breadth at bottom is reduced 
to 60 feet. The depth of water is commonly about 1 6 feet. 
The duplicate arrangements of the filters and pure water basins 
afford convenient faciUties for emptying and cleansing at any 
time, without interfering with the progress of the Works. 

An ingenious arrangement is adopted for cleansing the filter- 
beds by means of an upward current of water, which carries 
the impurities that have been deposited up to the surface of 
the bed, where they are floated off to the drains. This cleans- 
ing current is brought by a 6-inch pipe from the level of the 
culvert before it discharges into the first filter-bed. The 6-inch 
pipe passes under the division wall between the two ranges of 
filters, and a stop valve branches off into each of the first com- 
partments. When it is desired to cleanse by means of the 
Upward current the first compartment of the filter-bed, the 
sluices communicating between it and the first or adjoining 
passage are closed. The same movement of the spindles which 
:iloses these bottom sluices opens those at the top, and the* 
4pward current of water, carrying with it the deposited matter 
nixed with the broken freestone, is taken off by a drain which 
passes under the division wall. In the same way the second 
md third filters are cleansed by the ascending current, which 
IS admitted to them by opening the bottom sluices, and allow- 
ing the current from the 6-inch pipe to enter the filtering bed 
It the bottom. 

Filter-beds of the Chelsea Waterworks. 

Tiie filter-beds at the old Works of this Company on Tliames 
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rSlG 
Riinkwcre constnieteil aLont the yoarltil39, and have ffl 
ns a model for most of those which have siace been con- ' 
BtTuctod. 
The old filter-beds were two in nnmber, the southoni o 
being rectangnlar, 240 feet long by 180 feet wide, ftnd tbe I 
northern one 361 feet in extreme length by 180 feet wide. T 

t'lhoBefilter-bedshad an area of fl,000 yards; and takin|^tho 
Average daily c[uantity filtored in 185S, the area nppoarB to hv 
nt the rate of one sqnare yard to 626 gallons. The biiIhs oF 
the filter-beds were embanked to a height of 12 feet obDvethe 
jiatura] surface of the ground. The slopes were covered with 
turf. The bottom was puddled with clay 18 inches ii 
In the northern filter-bed were nine brick tunnels, an 
Bouthem eleven, which wera kid upon the clay puddle, and 
extended from one end of the filter-bed to the other. Kacb 

I of the tunnels was S feet in diameter and 18 inches Ihieh, 
built with every alternate brick left out, so as to form a bet 
passage for the water into the tunnels. The brick tunnels 
weto then surrounded on all sidoa, and covered over to tlia 
depth of 2 feet withooarae giivol. Above this was a layeror 
6 inches of shells, upon this a bed of coarse sand, and than ft 
bed of fine sand. The depth of the beds above the gravel wM 
abont G feet. A deposit of 2 or 3 inches in depth was formftd 
on the snnd, and required to be washed off at intervals, 
(iporation was performed in a few hours, and the intervnlgal 
which it was required depended on the action of the windanJ 
tide. Thewaterwaaadmitteiiintothefilteringpondabyai 
her of openings, corresponding with the valleys or hollows in 

I the filtering materia!, the brick tunnels being also laid in tbeM 
hollows. The sedimont deposited on the surface of the ei 
required to bo scraped off twice a week in the summer. timSi 
and abont once iu ten days in the winter. From a quarter to 
half an inch of sand was scraped off each time with the aodimciii 
When the depth of the sand was reduced by this process 
aboatA foot, afresh supply of sand was added. Nearly 3, 
CUi)icyiird8offreabBanai'HeteB,Ti'Qn.iA\'iT'4!^vtwWwyo.\aiyJ 
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le Bnrface of water in the filtering bods was about a foot 
e tho bottom of tlio sottliog ponds, 
le water after filtration passed through a culvert to tho 
le well, wlieuce it was pumped Into the mains for dis- 

I fijter-bede were provided with weira about 4 feet 
I, to let off the water into a culvert in case It should rise 
e filtering bed faster than it can be filtered, 
le Works at Thames Bank, however, wore abandoned 

185G, when the new works at Seething Wolis came into 

eration. 



The depositing reservoirs and filter-beds are constructed 
i to the side of the river, in a long narrow strip of 
Wind which borders the rivor between Ejiven'a Island nnd 
9 Ditton. The Lambeth Works occupy the Bouttera 
tamity of this strip, and the Chelsea Works are being 
i close to them, and occupy tho northern extremity, 
e reservoirs and filter-beds are bounded on the west Bide 
the river, and on the east by the turnpike road leiidiug 
n Thames Ditton to Kingston. 

Depositing Reservoirs. 
L sabstantial concrete wall has been built alongside the 
ir for the whole extent of the Works. This wall is about 
feet 6 inches wide at top, with a hatter on the face of 
Out 2 incbes per foot ; at the back of the wall are snbstan* 
J Bonnterforts, about 14 feet apart from centre to centre. 
ifl two depositing leaervoirs are each 272 feet by 22G feet at 
p, while at bottom the dimensions are 24 feet leas in each 
reotion, namely 248 by 202 feet. The reservoirs are 12 
et deep, but the usual depth of water in them will be 8 feet ; 
B mean area of each being 255 by 214:^:61)570 square feet, 
eaapaeity of each at 8 feet deep wiU be 2,778,500 gallons. 
The level of water in each of these reservoirs ia the same 
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Bcpiimlo cu^'tDCS of 25 horse power each aro nli^D 
emiiluyed ut Soolliiiig WcUa for pumping tbo unfilteired w.itur 
to tho oiHiu reservoir ou Putney Heath. 

The numerous filter-beds constructed by Mr. Hawkwlcj 
nl Leicester and olhcr places, are usually designed wilh m 
area of 1 siiunre yard for each 700 gallons of water to be fli- 
Icrcd in twenly-foiir hours. 

The kind of filler adopted by Mr, Ilawkealey is similw to 
those which have been described in Mr. Simpson's works, (k 
jirineiplc being that of descent through horizontal beds, 

We have seen that the surface of filter-bed at the old CbelsH 
Works was at the rnlc of i square yard to G26 gallons. Mr. 
Halenian is understood to adopt a proportion of I square jsn! 
to every C75 gallons of water filtered in twenty-four houre. In 
tho filter of the Works for Chester, however, Mr. Batenian pro- 
posea only 953 square yards to filter 960,000 gallons a day, or 
at the rate of 1 yard to 1007 gallons. Mr. Lynde, at NorvirJi, 
liaa adopted the rate of 1 square yard to 513 gallons. In the 
(jorhals Works ut Glasgow, where ihe fillering material is in 
three separate compartments, the proportion of the whole iia- 
face is 1 square yard to 1 135 gallous; while Mr. Wrigg, il 
Preston, adojiting the same system of lri|)le filtration, has the 
proportion of one square yard to 456 gallons. 

The cost of constructing filter-beds ranges probably from 
18*. to 30*. per square yard. Tlie following is the result of 
detailed estimates made in my own office for fiiter-beda io cth- 
nection with the Wolverhampton Waterworks, ealciilated from 
a uniform scale of prices : — 

£. 
Filter-heds contMniug an area of 5<G35 square yards, ral- 

cnlalecl Id pass 3 million gallons in 24 hours, would cost 7302 
FillEr.bccIs coutainliig an area of 28 13 square yards, calcu- 
Ulcdtopass 11 million gallDDs in 24 hours, would cost 
The cost of working filter-beds, comprising the attend»ii« I 
of labourers, scraping, cleaning, and restoring sand where aecti- I 
sary, is usually estimated at about 10«, per million gallons o' J 
water passed through. 
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ON GAUGING THE DISCHARGE OF RIVERS AND STREAMS. 

This is an operation which comes frequently within the pro- 
vince of the hydraulic engineer, sometimes to determine the 
quantity to be relied on for his own works at various seasons 
of the year, and frequently as involving and connected with 
questions of compensation to millers, landowners, and others, 
for water to be abstracted from existing streams. 

Large volumes of water are frequently conveyed in artificial 
open channels for the supply of towns ; and the method of de- 
termining the relations between the quantity delivered, and the 
section and inclination of such channels, is of course one which 
claims particular study and attention. 

There are several methods of gauging, the nature of which 
may be briefly noticed. 

1st. The method of determining the discharge from the 
area and inclination of uniform channels. This method is not 
applicable to ordinary rivers, but has often to be adopted in 
finding the discharge of new cuts, or channels made to convey 
water either to impounding reservoirs, or from these to the 
town for distribution. The New River is an example, on a 
large scale, of a work of this kind. 

2nd. Gauging by means of the surface velocity in the centre 
of the stream. 

3rd. Gauging by means of sluices or orifices. 

4th. Gauging by means of current-meters or other instru- 
ments for observing velocities at various depths ; and 

5th. Gauging by means of weirs. 

1 . Motion of Water in Uniform Open Channels. 

The French writers Coulomb and Prony have shown that the 
velocity of water moving in channels of this kind may be 
derived from the equation 

RI = aU-f-5U2 . . . (5); 
in which R represents the hydraulic mean depth, or the quo- 
tient derived in dividing the sectional area of the water by the 
wetted perimeter or border. I represents the inclination or 
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of Hit curfaM-wfttci* per foot ruit, ant] U ibe^ 
(art p*f nerfldd, a aoA 6 being coefficients which h 
trrmined \i\ ciperimeni. 

During llirec-qusrUra of b century this problcn 
the attention of some of the most able intellects o. 
(tprman*, and England. 

Ammig tltnae who have csperimented on the sj 
gill Bunt, CoLiloinb, Pninv, Bossnt, Conplet, Oii 
GirKn), Woltmann, Funck, and Briinning. Sorab 
writm, as Gytelwein and Wcisbacb, have chieflyl 
Uiemselves with reducing and cnmparing the expen 
others, and founding upon tlicm furmulx of the hi^ 
for the purpose of hydraulic calculations. 

Gytelwein especially, inhis'HandbnchderMecha 
nydraulik' (Berlin, 1801), has rendered essential se 
dqmrtmcnt of prai-tical science. AAer reriewing a 
periments ihat had been made on the subject of w, 
ill uniform cliannels, he shows that the mean velc 
nearly -^J of n menn proportional between the hydr^ 
dcjitjj and twice the fall in feet per English mile, 
the fall in feet jicr mile, then ■] 

XS = »^2Wa . . . (G); ; 

or the velocity in feet per minute will be 54^ times ^ 
root of the mean hydraulic depth mnltiplied by twSI 
in feet per mile. This is the rnle hj which Mr. S 

• Dn Bust. Prony, and the other Trfncli nrilere commonly^ 
called the liydrBulIc inclinHlion, or surface elope of the water, li 
miilie. In ahort lengtliB of cannl or p\pe» thia ii not to be g 
with ihe inelinition of tli« pipe or cliannel, aa it may viTj ei 
from Ihia. In long lenglhi however, say upwardi of 100 ft| 
■Iriiilic inclination ma; lie token to be the uune aa f.hnt of the 
Dir obanncl. Mr. Neville liaa pointcil nut the rliitlnction lictwi 
clination of pipes an^ Ihc term "hydrnnlic inclinnlion" in tht 
linn to hia Ilydmiilic Formnlie. He there sbowa that serioui « 
hfien made by opplying Du Biial's forraulie to abort lengtha ^ 

Sthe ilnpe of the pipe has been confounded with the W 
m. ^ 

- i 
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puted the tMe of velocity nnd discharge for arterial i 

ind rivers in his excellent work entitled ' Hydraulic 
The only difference is, that in order to facilitnte cal- 
nlation, he has taken 55 as the multiplier instead of y-f ^ 
f5-J, which would be Ihe esact multiplier derived from Ey- I 
iwein's valuahlc formula. 

he required tA com])ute the velocity and discharge ot t 
channel having the fnlluwiiig din: 
"Width at holtom, 12 feel. 
Side slopes of ciiannel, 2 to 1. 
Depth of water, 7 feet. 
Inclination or fall, 3 inches per n 
Here the area of water is iT+T 

ftted perimeter is 12 + 2^/14^ + 7* = ■13'3. 



n 55 '/■1-2 X -Zii X 2 = 55 x I'-IH = 78 feet per 
s for the velocity, and 182 x 78 ^ 14196 cubic feet 
rgcd per minute. 

'. Neville, in hia Hydraulic Formula;, gives the following 

Scfttion of Eytelwein's equation :— 

U = 5604v1tS (7), 



43-3 
= ■25. 



12 + 2V1 ■*' + ?* = 
= 4'2, the hydraulic mean depth. 



S is the natural sine of the inclina 



n 



This 



da gives the same result as Equation G, whicli latter 

r has the advantage of being more easy to calculate. 

we may lake the velocity in feet per second to be 

2 1111; and per minute U' = ^/J'-VTUII. . . (8). 

) formula is also applicable to pipes and culverts both 

iT and oval, whether running full of water or with any 

intity ; but is not applicable to pipes under pressure, 

M those employed for carrying water from a steam-engine 

m A stand-pipe for the supply of towns. 
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Gauging lOren by meant of the Suifaee Fdoatiifi 
Centre 0/ lAe Stream. 

The relnCion between ihe mean velocitr of wnter in 
nni) tbat of the surface Telodty in the centre, is snotbei 
jcct which lias long engaged the attention of hydra 
gineere. Among those who have experimented on 
Uu Buat and I'ronv are again in the first rauk. 
o|ierat«'d on a canal whose section was tolerably unifarnii d 
timca rectangular and sometimes tmpezoJda], whose g 
breadth was about IS inches, and depth from 3 

Prony, using tlie reaiihs derived by Dn Buat ijifl 
ex peri men tjd channel, established the empirical formnk^: 

V + 3-I5ai2 I 

cond, U being the mean Telocity per second and V the Hurfsw ■ 
velocity per second. This cqualioii, redueed into Eiigliah fnt, 
becomes U = Y}^_±72^) ,gj 

V + 10-345 ^ ' 

Mr. Neville has used this formula for calculating the nlc^ 
cities in small cliannek. Prony slates, that for sutfoce telo- 
cities lc§B than 10 feet per second U may be taken simplj 

= -816 V (10), 

but that the formula is only to be token as a simple empirioil 
rule, subject to modificaUon according to the section and slope 
nf the channel to which it is a)>)ilied. 

Becent experiments which have been made with great mi- 
imteness by M. Baumgarlen on the river Garonne, and on tha 
canal between the Rhone and the Rhine, are scarcely mW 
sniiafaclory. In Ibese experiments, which were made in chun- 
iicls varying from a foot to 25 i'eet in depth, it was sought lo 
determine the surface, bottom, and mean yelocities at a num- 
ber of vertical lines across the stream. 

Putting V for the mean velocity in any vertical line, and V 
fur the surface velocity, M. Baumgarten found for a navigabb 
cnual, with earthen slopes varying from 2 to 6 feet in deptld 
that r = -WS V, and for smaller canals lie found i> = -901 ?■ 
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M. Boileau* is of opinion, after reviewing these experi- 
inents of Baumgarten, that for canals of all kinds, provided 
the section be uniform, the mean of these, or more simply ^^ 
of the surface velocity, may be taken as the mean velocity in the 
same vertical line. 

In applying this rule to a wide river or canal, it is of course 
necessary to determine the maximum or surface velocity at a 
number of points across the stream ; so that it does not dis- 
pense with the use of hydrometrical instruments. It may 
however serve much to diminish the number of observations 
which would otherwise be required in deep canals. 

With reference to the mean velocity for the entire section of 
a stream, Boileau, in his work already quoted, gives some ex- 
periments, in which he finds the values of U for small depths 
not exceeding a foot vary from '785 V to '865 V. 

In the 'Annales des Fonts et Chauss^es' for 1848 M. Baum- 
garten gives a table of mean and observed velocities at various 
depths for twenty-two sections across the Garonne. The author 
compares his mean velocities with those calculated by the for- 
Diula of Prony, and finds the latter too great, — a result directly 
opposite to that established by Boileau for his largest canal 
of one foot deep. Baumgarten concludes, that for large sections 
'^such as those of rivers) with irregular banks, the velocity is 
otiiy four-fifths of that determined by Prony, so that instead 
of U = -816 V, it should be U = -653 V. 

Mr. Beardmore, in his work already quoted, has a table 
showing the mean velocity corresponding with surface veloci- 
ties, varying from 5 feet per minute up to 950 feet. This 

table is calculated from the formula U = V + 2*5 — \^5Y. For 
a surface velocity of 5 feet per minute he gives a mean velocity 
of 2'50, so that here U = 5 V; and for his highest surface 
Velocity of 950 feet, the mean velocity is 883" (), so that here 
IJ = '930 V ; and so in proportion for intermediate velocities. 
Mr. Neville has calculated two sets of mean velocities, both 

♦ Traite de la Mcsure des Eaux Courantes. Par P. Boileau. Paris, 1851. 
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of which differ considprably from Beardmore's. One of q 
Inrge chftnnels, is based tipon experiments by Xiffl 
Funcli, and Briiiming, and ib calculated frum the fonnulu 

835 V. The other, ns before esplniiied, 
from the formula of Prony, which for mcnsure! 
inches becomes U = V f^-?-±T) , . . (H) 

According to this latter table the mean velocity coi 
ig to n surface velocity of 5 feet per Toinute, is S 
hcrens Mr. Benrdmore makes it 2-5. For GOO feet pe 
ihc lii^lifst surface velocity in the table, the mean is 
r minute, Mr. Beardmore's corresponding velocity b 
On the whole. It must be eonfeased this is a auliject oi 
I very striking agreement in opinion is to be expeclcd. ' 
ly do the experiments and formnlK of separate anihors dtffi 
from each other, but oven those of the enme Rathi 
among ibeinselveB, and vary to aa nnusnal extent. 

Allhough I have thought it necessary to bring in 
position a few of the most prominent and leading facts e 
nected with this subject of surface and mean velocities, 
be observed that this method of ganging rivers is bv ii 
desirable one, and should never be adopted where I 
certain modes of gauging by means of sluices or weirs otn he 
illowed In large rivers, however, it will often be imprsrd' 
rable to gauge in any other wny than by takitig (elocitics sad 

he extreme surface velocity has been ascertained fiA „ 
,.. ..,.,. precautions as accumtely as poatibl^ it must be (*• * 
dueed to the mean 1 v nsmj, ont or other of the coefficient** ' 
■ niuesofV when this mean eo reduced is mnlLij lied by d» * 
ITPB of wattr way, taVen in the same dimensions as \,ll>^ 
rcMilt wili be the discharge of tl e nver in terms of ^, uidv . 
same unit of time for which the velocity V is taken , 

Vi lien no other mode of gauging ib praclieahle, escept llu* ■ 
by means of surface velocity, a part of the river xhonld be »• i 
lerted where the channel is most straight, and the section mod' ' 
Several accurate sections neroHs tbf H 
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ftliould then be made, from which the area of water-way must 
be accurately computed. Stakes are then to be driven down 
■it fixed distances of 10 or 20 feet apart; and if the river is very 
^ride, it is desirable to have corresponding stakes on each side 
of the river, and a pole erected at each stake, in order that an 
«)bseiTer, standing at each pole and looking across to the one 
directly opposite, may note the exact time at which the float 
crosses the imaginary line joining the corresponding poles. 
The float used should be a leaded cork, an orange, or some 
other body only a httle lighter than water, so that it will be 
nearly all submerged, and present very little surface to the 
action of the wind.* A number of observations should be 
taken at a season of perfect calm, in which there is no wind to 
disturb either the water or the float ; and an average surface 
velocity having been obtained from these, the mean is to be 
calculated from one of the formulae already given, and multi- 
plied by the area of the river, to find the discharge as before 
explained. Mr. Beardmore observes: "The most useful in- 
strument for getting velocities where a float is not applicable, 
and where an under current is probable, is the current meter 
formed by a vane in the Archimedean form, carrying an end- 
less screw, which turns a wheel divided on the circumference. 
la gauging by velocities care should be taken to ascertain that 
the current does not under run at the place of observation." 

* Some of the French experimenters have used common wafers for tlie 
floats in very delicate experiments, while others have made use of small 
<^Ubical pieces of oak, with a cavity in one side for putting in lead to bal- 
'ast or weight the .wood ; others have used small balls of wax ballasted 
^ith lead. They recommend several precautions, which are not commonly 
attended to in practice. Some of these have reference to the extent to 
Vrhich the float should be submerged ; and for this they recommend very 
shallow floats, in order to attain a true surface velocity, and not one at a 
%mall depth below the surface. Other precautions refer to the buoys to be 
fixed in large rivers, or the stakes to be fixed on the banks at right angles 
to the current of the river. They insist further, that a body floating on the 
surface of a current has at first a velocity greater than that of the water, 
and that the velocity ought not to be taken for the purpose of calculation 
Lntil the float is observed to pass through equal spaces in equal times. 
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3. Uanging of Wattr pastinf/ through Sluiea or 

lit. lIuKuu Bud otlier writers od meclianaci hive ibfl 
thai inJtpeiideoll J of friction, 1 . The velocity of WRler )M 
iiig ibrwigh D sluice is e(]ual to tluit acquired by b Ii«itj U 
fBlliiig from the surface of the water to the centre of the orii 
•2. That iu soy aiuglf unit of sjiace, as & foot or bd iuch,! 
Tcloeity per secoud expressed iu similar units is etjiul in I* 
tlie sqture mot of the force of gravity. 3. That the vdu 
ocqiurct! in fitlhiig through any height ia as the squue kM 
the heiifhl fallen through. Non let h represeot the hc^' 
»jmce fallen thraiigh, e the velocity acquired i4 Ming tliro 
(hut space, and g the force of gravity or the space fallen thro 
by a heavy body itt one second (this, iu the latitude of Ij 
is equal to l(i'08 feet). Theu the precedizig propoai| 
be thus expressed algebraically : 

v = 2y/g = 2.^l&m = B02 . . (12),, 
wln-re A, the height fallen through, is equal to n 
where A is auy height whatever, 

e = 2 v/lB-OSA = SO-i ^h ..(13). 
This last is Justly called by French writers tlie fuudam 
rijualioD iu hydraulics. It is the one most commonly i 
It is tiie one which, when modified in each cose by the p 
coelficieiit, forms the foundation of formula for the Hi 
water, not only through sluices and over weirs, but ah 
How iu canals and pipes. We shall see hereafter how it 
ably this simple equation plays its part in all determiualit 
this kind. 

Since the time of Dr. Ilutton and his contemporai 
somewhat more accurate value has been assigned to j 
force of gravity. In accordance with the most recent e; 
nients the value of g has been somewhat increased, and 
more accurate to write d = 8-03 \/h. 

If it were not for the friction of the particles of 
amongst themselves and against the sides of the orifice 
for the contractiou of the stream in issuuig out, the u 
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rould be something mure tliRn 8 litnes tlie sqiitire root of 

leight. It is evident that the discharge through a sluice 

llnays be equal to the menu Telocity multiplied, by tlie 

if the opening. Uciicc, if we put A = the area, v/e shall 

the theoteticnl discharge, independently of friction, equal 

8-03 A v'A per second . . . (H) 

481-8 A VA per minute . . . (1.7), 

t water which issues through any orifice, however, is 

isfaed by friction and by the contraction of the fluid vein. 

«Ution between the theoretical discharge and that due to 

1 sectional area of the vein has never yet been deter- 

t by mathematical investigation ; we must therefore be 

i solely by experiment. These experiments have deter- 

1 that for very small orifices the above expressions must 

oltiplied by a coefficient which differs little from 062. 

Would reduce the coefficient 481-8 to 300, this being the 

plier Mr. Beardmore uses in his tables for ordinary sluices. 

e principal experiments on which formulie for discbarge 

18 have been founded are those by Foni>elet and Lesbros. 

re far from satisfactory, because, although they were 

with beads of water varying from to 10 feet, yet the 

were extremely small. The orifices used in the expe- 

were all rectangular, with an invariable breadtli of ?f 

Ibhes, and varying in height from ^ of an inch to 7^ inches. 

hese were evidently much smaller than the sluices in practice 

ir the regulation of supplies of water, for the discharge of 

irplua water, &c. The fact most worthy of observation in 

lese CKperiments appears to be, that the coefficient was always 

reatest for the smallest orifice, and vice vertd; which goes to 

rove that the effect of the vena contracta is much more sen- 

biyfelt as the size of the orifice increases. Looking carefully 

' ihe tables of Poncelet and Lesbros' experiments, which were 

iblished in their ' Experiences Hydrauliques sur les Lois de 

Scoulement de I'Eau' (Paris, 1 832), and which have since been 

pied by Geniejs, Boileau, Dupuit, and every other French 

r OD hydraulics, there seems no reason to alter the coefii- 
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cidit ' (i-2. Tliis appears, in ihe |)resent state of our kiiuwlMla^ 
til be tlie one beat adapted to give the dUcbarge through 
cunstrucled sluices in lock-gates, mill-dams, and other sitaa> 
lions of the kiud. Hence we have 
■lHl-8 X -62 X A VA = 296" A ^A = in rouiid nambenW 

300 A a/A • ■ ■ (Iti). 
the discharge per minute through an orifice whose area is A, 
l>cing the height from the centre of the ori£ce to the satkct 
of the wnlcr. "Where the orifice of the sluice is covered, » 
ill locks aud river sluices, the height A is the difference of !e»d 
between the respective surfaces." * 

The tbUowiiig is a brief ritumi of thi 
have experimented on the suhject, with the results ivhi(:lil% 
nrriu'd nt, condensed from Neville's Ilydrautic Formtilsc : — 

Ur. Urjau RuliinBan, ia 1739. Oa circulu orificei of oae- 
tenth la eight-lentha of an inch duuneteri with htaib of 
2 to 4 feet -728 lo Tii 

Dr.Mithew Young, in I7SB. On circular orilices one-lil'lh 
of an inch in iliaaietir, with b metn bead of 14 inchca ■ 'b'H 

Miclidotti. On circular oriAces 1 to 3 incUes diameter. 
■II J Hjuare urificca 1 lu 9 inches iii area, with heads fnini 
6 to 23 iiiches 

The Al)bi Boimil. On Boiall circular and rectaugulm ori- 
Hco9 from half-inch diumoter to an area of * aqnaro 
inuhua, under beada of 4 feet and lo feet 

Uriudle)' and Smeatun. On an orifiee 1 inch aquare, with 
heail varying from I lo 6 feet 

Jlennie. On circular orifices from i to 1 inch diainetcr, 
with head varjing from 1 lo 4 feet .... 

Rennie. On rectangular and triangular oriGcei, each with 
an area of I square inch, and head larying from 1 to 4 
feel 

None of the preceding experiments are on so i 
Beale as those iTiade nt Metz by Messrs. Poncelet and LosbrM. 

• Ileardinnre's Hydraulic Tables, where aouie general rules are given bl 
meet the moil ordinarj e^es m practiee relating to discharge lliro»|l 
vertical and horizontal iluice*. 



y alluded to. They 

a the conclusion arrived at by tlie French engineers 

I others, that the coefficient for practicnl purposes may he 

Some writers have attempted, as it were, to 

e esperimentul results of Poncclet and Lesbros for 

s of proportionate dimensions hut much larger she. Tb'ia 

a done by Mr. Neville in his Hydraulic FormuJi 

' seems a waste of time and an attempt to refine wherfM 

1 are not sufficient for the purpose. 

[1 be observed in the preceding list of espcriments thai 

Uryan Eobinson's coefficients are much the highest. 

fohable that most of the other experiments were made with 

a thin plate, while the aperture in Dt, Robi 
aiments was probably in a plate of some thickness, with 
e rounded off, This would occasion tin 
o be higher, and is probably the reason why they 
iperiraents on a much larger scale are still very desirabh 
3 subject, and 1 perfectly coincide in the following obseF^j 
1, which occurs iu Mr. Neville's hook :- 
s almost needless to obserre, that all these coefficients 
a only applicable to orifices in thin pJates, or those having 

the outside arrises chamfered Very little depi 

lie placed on calculations of the quantities of water discharged 
from other orifices, unless where the coefficients have been 
slready obtained by experiment for them. If the 
next the water be rounded, the coefficient will be 

Some carefully-conducted experiments on the time of filling 
and emptying lock-chambers or canals would, after all, be much 
more valuable than any of those which have been cited. Where 
Mie culverts or sluices from the upper level into the lock- eh am- 
r, and between the latter and the tail of the lock, are in good 
■Icr, these experiments might be made with considerable ac- 
rrncy, while the lock-chamber itaelf would afford an excellent 
iircasure for the volume of water passing through the sluii 
III ^iveo spaces of time, with certain parts of their area open, 
• NeviUe. 
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menU for ohaervtHff Veloeitiea at variout £ 
On HydromeltTM, or Itulruments /or measuring i 
ese are of two kinds, nnmely those which act j 
ciple of Pilot's tube, and those which act as drnas 
opposing a soUd resistance to the action of the 
indicating the force of this action by means of a 
dun ted bar. 

The PiCot tube, as originally proposed more tl( 
ago by the philosopher nhosc name it bears, is a' 
bent at a right angle, and so used that one part q 
horizontal in the line of the current, while the n 
vertical. The open end of the horizontal brand 
posed to the action of the current, this causes the ' 
above the surface of the stream in the vertical t 
tempts have been made to determine velodties at va 
according to the amount of this rise or differed 
The simple tube of Pitot, hoirever, is liable to mai 
as a hydrometrical instrument. Among these ai 
degree of sensibility (as considerable increase of' 
duces YCry slight variations of height), the oscilli 
water in the vertical part of the tube, and the e 
from capillary action. These defects conspire ta 
Pitot tube in its original form a very uneertwn oi 
instrument for ascertaining velocities. 

In his recent Treatise, which has been alread] 
Boileau describes a very ingenious modification < 
tube, which appears capable of being a|>plied yiii 
effect to the measurement of velocities. The t 
arrangement consists of a horizontal part and of 
parr, the tube being fleiihle, and so arranged th 
zontal part can be adjusted at any required depth 
rent or stream. The upper end of the tube is i 
with a metallic or glass cylinder, five or six times 
diameter as that of the lube, and h« -neans of vi 
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tion can be closed at any moment between this cjlinJer 
Bid the tube, while the contents of the cylinder can he dis- 
charged by another small tube. The cylinder is provided with 
8 metallic float which rises as the cylinder fills, and acts on a 
twedle or pointer which indicates its exact height. The gra- 
duated scale to which the needle is applied points ont the 
wlocity of the current, but of course this requires very accurate 
graduation, and many preparatory eiperiments would have to 
M made for this purpose. The following appear to be the 
ptincipal advantages that would attend the use of this modifi- 
Mtion of Pilot's tube t — 

1. It can be adapted without difiiculty to the deepest and 
litest ns well as to the shallowest rivers, 

2. It dispenses with the use of an accurate chronometer, 
'tjcb, on the other hand, is essentially necessary where either 
■oats or other kinds of current metres are employed. 

3. When once fixed at any particular station, it need not bo 
emoved until the whole series of observations shall have ht< 
nade which are necessary for that particular vertical line. 

There is another beautiful adaptation of a tube to the me 
lurement of velocities which deserves notice. The tube 
sf glass, having one extremity fitted with a smaller adjutage, 
which can be varied according to the current. Before bein 
nsed the tube is prepared by closing the larger end and filling 
tiie tube with water, so as to leave a small bubble of air, simi- 
lar to the bubble in the glass tube of the common spirit-level. 
The tube is immersed in the direction of the current at the re- 
•inired depth, and the velocity observed by means of the pas- 
sage of this bubble of air from a mark at one extremity of the 
'nlie to the other end as soon as the latter is opened. Although 
t very beautiful philosophical toy, tJiis is almost too delicate 
"0 instrument for practical purposes. 

The Pitot tube described by Geiiieys is made of tin, is about 
' feet in length, and 2 inches diameter, with a horizontal arm 
iliQUt a foot in length. The estremiiy of the horizontal arm is 
icted conically, leaving only a very small orifice to receii"e 
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V <W ibc mtrr. The apea rad o( the tube u 
witlt a 8o«t utd wocMlea rcNl, gnidnated to show the 
«nirT in ifae tube. 

Id nsi^ the Pilot tube it b neensary to hare a stron 
or snail pue fixed in the mer, lo wlitch the tube can 
jmted at anj mjnired depth. Except in reiy minute i 
gIMtioDS. it ■■ tnmeccuaiT to take more than two obser 
at each place, namely one at the aurfitce and one at tl: 
toni. the arilhmetiod mean between these being the mea 
city ID that Tenical tine. Care must be taken to pis 
homontal part of the tube exactly in the line of the a 
for which purpose it must be tunied about, and read 
that position when the water rises highest in the tube. 
gradnatioo of the tube or wooden bur may be calculates 
the formula U = 803^*. where U = veloci^ in feet [ 
mnd, and A=height in feet of water in the tube aboTC tl 
face in the river. Thus, a rise of one foot in the tube wil 
a Telocity of 8 feet per second, and so for any intern: 
height the velocity will be as the square root of the heig 

Pilot's tube has been much used by Mr. Scott Rusm 
olliera, in maklug experiments on the speed of vessels f 
through water. 

Current Metert acting on the principle of DynamoBiei 
The first current meter of this kiod, as introduced by 
mann iu 1 790, consisted of a small light wateruheel, «it 
row pallets or liont-boards whose breadth was about uue- 
the diameter of the wheel. On the axis of the wheel 
endless screw which works one or more toothed whee 
revolution of which marks the velocity of the current 
this apparatus b attached a vane or rudder, of about ihi 
depth as the diameter of the waterwhccl, and this vane 
on by the current, causes the waterwheel to rotate exa 
the true axis of the stream. The whole apparntiis is n 
on n vertical shaft, to which it cau be clamped, so as to 
any required depth. In the earlier current meters the 
or blades of the waterwheel were fixeil radially 
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ference, similar to those in the simpler forms of the com- ^^^ 



tnon waterwheel. The pallets have been conatrucled either of 
flat boards of wood, or mctu!, or with one surface flat and the 
other spherical, in order to oppose less resistance in rising out 
of [he water. 

These earlier forms of wheels for meaauring Telocities of 
currents had mauy objections. Tbey were made in too clumsy 
& manner, and bad so much friction in the axle, in the en(Jles3 
screw and the toothed wheels, tiiat they were incapable of 
cording amali velocities, and not possessed of sufficient delicacy 
for eitperimental purposes. Uesides this, the toothed wheels^, 
being immersed in the water without any protection or cover-i 
ing, were liable lo be affected by sand, gravel, weeds, &c. get- 
ling between the teeth and preventing them from working pro-. 
perly- These and other objections and inconveniences arising'! 
from the use of the current meters, led to several improve- 
ments by Laignel, fioileau, and others. In one of the most 
improved forms of current meters the wheel is made with heli- 
cal blades, and great care ia taken to have as little friction as 
possible in the axle and the bushes in which it works. In 
place of the endless screw and toothed wheels of Woltmann'a 
meter, M. Laignel substitutes a simpJe screw, on which works 
a movable nut. The nut does not revolve with the screw, but 
travels along it, and carries a pointer, which marks by the dis- 
tance on a bar the revolutions of the heUcal-bladed wheel. 
The screw on which the nut traverses is made of copper, and 
very accurately turned, with a pitch of ^ of an inch, and is \ 
of an inch in diameter. The screwed part of the axle, the 
travelling nut, and the graduated bar on which the revolutions 
ue read off, are all enclosed in a box, so that the delicate 
tiiechanism is protected from that kind of injury to which the 
meter of Woltmann is so subject. The screw is about a foot 
Of 15 inches in length, and the extremity of the box in which 
it is enclosed is provided with a vane or rudder, to keep the 
kcbine in the centre of the current. The helical wheel and 
V.eurrying the screw are supported on a bracket, which 
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•liJes on a vertical pillar, and can be clamped at any raidn 
height. There b a coolrivance for stopping the revoiutiojB 
the wIimI at any reiguired momeDt. The leogth of the u 
U BiiflScicnt to allow the mrelliDg nut and market M 
the revolutions of the nheel during 25 or 30 seconds, w' 
i« stopped, and the machine taken out of the vater, » 
diatance eorrespondiug with the number of w 
on tbc graduated bar. This instraaient, like all others d 
same kind, requires the employment of a very a 
meter, and has the inconvenience of causing much los« of q 
by the necessity for taking the instrimient out of water W 
off the imrober of revolutions at every separate experimeDt. 

M, Boileau has proposed an extremely ingenious and deliotW I 
instrument, acting on the principle of measuring the telixii]' 
of A current without the employment of a wheel at all. 1 
Gmnll cupper plate is opposed to the action of the currealtt 
any required depth, and this, by means of a vertical bur, it 
made to act on a debcate and Tery sensitive elliptical spriug. 
The compression of the spring is measured with estrenie accu- 
racy by means of a micrometer screw. For the purpiwe d 
minute and delicate observatiooa and experiments this iastru- 
raent appears to be extremely well adapted, and b free from 
many of the defects which attach to all current meters actiiig 
by means of wheels. 

Having obtained in a large river, either by means of tlis 
Pilot tube or some kind of current mater, the mean veloci- 
ties of the water in several vortical linea across the streim, 
we have then to find the mean velocity of the whole river. 
There are Tarious ways of doing this, but tbe geomatrical 
method described by D'Aubuiason, in his ' Traite d'Hy- 
drauliqne a Tusage dee Ingenieurs,' is perhaps entitled to 
the preferoaco on account of Its extreme simplicity. " Hst- 
ing fixed on the station where tbe cross section of * 
large river is to be taken, and the velocities ascertained 
e a number of soundings across the stream, at 8, 10, o' 
is points, according U> tbetiesidtb. These lines of sonoil- 
big divide the section into s. -aiiai^ieT lA Vco.'^fcilvj., ™A."io I 



GAUGING OF RIVERS AND STREAMS. 307 

area of each of tbese is to be calculated. Tlica at a point half- 
way between each of the two liuea of Bounding is to be fixed a 
small boat containing the current mete h n W Itn an 

wheel, the Pilot tube, or other instrument b n n f h h 
5, 6, or 7 velocities are to be (Jetermined n th a al 

hne. The arithmetical mean of these i h b mul j-l d 

by the area of the trapezium to which th apply Ih n 
of all these products is evidently the dis harg f h n — 
it is equivalent to the total sectional area multiplied by the 
mean velocity," 

5. Gaaging by ateaitg of IJ'eirs. 

Referring again to what has been called the fundnmental 
theorem of hydraulics, namely v =^8'0'i\/h, it may be at 
once applied to the case of weirs, e being the theoreticftl velo- 
city corresponding to the height A of the notch or weir. This 
height mngt be the difference of level betneen the surface of 
the notch over which the water flows and the still water in the 
pond above. This height is not to be confounded with the 
thickness of the sheet of water flowing over the weir, from 
which it is quite distinct. As in the case of orifices, the 
theoretical expression 8*03»yA for the velocity per second, or 
481'S,yA for the velocity per minute, must be multiplied by 
n coe))icient to give the true velocity, as this in a similar man- 
ner is affected by friction and by contraction of the sheet of 
water flowing over the weir. 

Hence the velocity per minute of water flowing over a weir 
ia equal to 481'8 CV^A . . . (17), 
where C is a coeflicient to he determined by experiment. 

The value of C varies somewhat, not only according to the 
shape of the weir, but also varies for differeat depths and 
widths. The limits of this variation will be seen when, we 
k eoine to describe the esperimeats more particularly. 

icipal observers who have made experiments on the 
Im of water over weirs are the Chevalier Du Bust, Eytelweiii, 
tubuisson andCastel, aad MM, Poncelct and Lcsbro^H 
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lu oitr own countrj experiments have been made b^ MestNi 
Smeittoii and Brindley, by Dr. Robinson, Messrsi Leslie 

Blackwell, Ilawksley, and otliera. 

The experiments of Du Biiat were made in 1779 onwein 
I8| inches wide and an extreme depth of 6j inches. 

MM. Poncelet and Lesbroa made an esteoaive series of ex- 
periments at Meta in the years 1827 and 1828. Their weif 
was of the constant width of 7$ inches, and various heads were 
tried from -J inch up to 8 inches. They found the coefficient 
varied considerably for different heads. The experimeDts of 
MM. D'AubuisBou and Castel were made at the Toulouse 
Waterworks in 1834, with varions widths of weir, and with 
a head ranging from 1 to 8 inches. Messrs. Smcaton uul 
Brindley made their esperiments with a constant width of fi 
inches, and with depths varying from 1 to 6 inches. For Dr. 
Robinson's experiments see tbe 'Encyclopaedia Britannica.' 

Mr. Blnckwell's esjierimenta were made in 1850, and con- 
sisted for the most part of observations on the dischm^ of 
water by weirs out of a large pond on the Kennet and Afon 
Canal, which afforded a perfectly uniform head of still wat«r, 

These experiments were 264 in number, and embraced ob- 
servations on various forms of overfall, from a very thin plsio 
of sheet iron to a weir 3 feet in. thickness; the length or brwdlli 
of the weir estendiug from 3 feet to 1 feet. 

substitute m for C 4SI-9 in the equation for tbe velo- 
city over the weir, we have the discharge of water for HKh 

Dt in width = m^hxh=m V^= w k^. 
The value adopted for m Ly Mr. Beardmore and bymo'l 
English engineers, is 214 where A is in feetj and where ifl~~ 
inches the value adopted is S'l. These two vnlaeB 
214 



fact identical, because — r= t 

I2f ^ 



: 61 



Hence the formula given by Mr. Beardmore, where S li m 
:t, is214 Vft^ . . . (18) 
for tie dischnrge in culilc fcel ^^ towvuIc, and the rule d 
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Tablb aaowiNa i 



^TipZ 


aPKClBS OF OVKRITALI. 


H... 




cltnl for for. 

wbea A it in 
inchn. 


6 


Thin plBlc, 3 feet long. 


110 3 

3,. 6 


212 

19* 


S'lO 
4-68 


11 


Thin plate, 10 feet long. 


3 „6 
6 ,.9 


241 
210 

178 


5-76 
5-16 
4-32 


23 


PUnk, 2 inches thick, 3 feet 
loag- 


3 „ 6 
6 „0 


185 
185 
ISC 


33G 
4-44 
4'e2 


56 


Flunk. 2 inches thick, 6 feet 
long. 


3 ,% 
S „9 
9 ,. 14 


191 
1S9 
173 


4-60 
4-44 
4'14 


40 


PUnk, 2 incbe. thick, 10 feet 
long. 


lto3 
3 „ 6 
6 „ 7 
B „ 12 


1«7 
191 
180 


4'08 
4-60 
4-32 


* 


feet wide, with wings. 


1 to2 
■1 ,.5 


213 


5-22 


7 


Overfall, with crest 3 feet wide, 
afeetlong, Biopinslinl2, 


3 „ 6 
fi „9 


lliS 
153 
163 


3(1 ti 
3-78 
3'<l6 


9 


Oyerfall. -Biih crest 3 feet wide, 
3 feet bng, eloping 1 in 18, 


lto3 

3 „ e 
6 ,.9 


175 
132 
160 


420 
3'e6 
3'8.| 


6 


Oteifall, with crest 3 feet wide, 
10 feet long, sloping 1 in IS. 


llo4 
4 ..8 


169 


3-78 
4'OS 


U 


OieH'all, irilh creet 3 feet wide, 
level, 3 feet long. 


ltu3 
3 „ 6 
6 „ 9 


150 
153 


3'54 
3'GO 
366 


1> 


Overfall, wiib crest 3 feet wide, 
level. 6 fe«t long. 


3 10 7 
7 „ 12 


U9 


372 
3riO 


12 


Overfall, with crest 3 feet wide, 
ietet, 10 feet long. 


1(0 6 
5 „8 
8 „ 10 


U7 

159 
151 


3-54 
3' 78 
366 


Chew Magna expetimeuts, gvcr- 
fall bar 2 inches thick, 10 
feet long. 


I to 3 
3 „6 
e „9 


210 
240 
243 


500 
5'78 
S-85 1 
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from Eytelwein, where A is in inuhea, ia 5'1 ^h? 
diHoharge in cubic foet per minute. 

As those two formula are fiir more generally employed by 
engineers than any others, I have thought it would be useful 
to adapt the results arrived at hy Mr. Blackwell to aach of 
them. The table on the piaceding page (p. 369) ie compilad 
from an abstract given by Mr, Blackweil himself, with the 
Buhstitution by me of the last two columnB. 

The results shown in the preceding table are very Tain- 
able. All the experiments except the last (61), apply to still 
ponds without ftny current in the water, and we ehall fint 
consider these. 

Over a thin plate 3 feet long, the experiments agree with 
the usual cocfGcients 214 and 6'1 up to 3 incLea of head, 
above which they fall below them. 

Over a thin plate 10 feet long, the experiments shew b 
higher coefficient than the common ones ; between 8 and II 
s the coefficients are nearly the same, and above fl 
inches the coelUcients are less. 

Over planks 2 inches thick an opposite law seems to previil, 
for the coefficients increase with the depth instead ol' becomiug 
13 the latter increases. This is tlie case with all the «- 
perimenta on the 3 feet plan k, the coefficient up to 3 incha 
being 1G5, and increasing up to 196 for heights between 6 
and 9 inches. All the ex])erimental coefflcients are below the 
usual ones in these twenty-three experiments. In ihc neil 
ninety-six esperiments, over 6 feet and 10 feet planks, [he 
maximum coefficient is for a depth of 6 or 6 inches, beyond 
which it diminishes as far as the esperiments extend. 

The four experiments made over a platik with wing boardl 
show, as might be expected, a better discharge than the foraiM 
The coefficient here is highest at 1 inch, and gradually 
diminishes as the head increases. 

In the experiments on weirs with inclined crests the lowest 
coefficient ia in each case at 4 inches, an increase taking pWx, 
wiieji the deptk is diminiaVti X^iiow VVw, M\d also whi 
Jeptii is increased. 
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The esperiments on level crests 3 feet wide and of Jiffei 
Igths present the greatest anomalies. The crcat 3 feet long 
E the lowest coefficient at 4 inches. The one 6 feet long 
B the lowest at 10 inches, and the one 10 feet long has the 
feat at an inch, from which it iucreaaea to 5 inches, and 
a. again diminishes. 
The sixty-one experiments at Chew Magna are applicable to 
1 rivers in which the pond is small in proportion to 
e breadth of the weir, and in which it is difficult to avoid a 
;ht current in the water as it approaches the weir, 
^ these experiments the coefficients are helow the mean up 
S inches, then they rise almost to a n;axiinuni at 5 inches, 
a fall slightly to 6\ inches, when they ascend to a maximmn 
S inches, helow which they again descend. 
'he mean cocfBcients determined by Mr. filnckwell for this 
1 of weir, when the depth exceeds 3 inches, are all higher 
1 those in caramon use, so that the ordinary formula may 
used with safety for plank weirs of this description across 
rs and streams, but appear somewhat too high for plank 
s where the pond is large and the water entirely without 
There can be no doubt that Mr. Blackwell's experi- 
re entitled to the highest confidence, as they were 
de with great care, and aflbrd an admirable model for that 
i of experimeut which is so necessary to furnish facts 
' engineer. 

Etecurring now to the formula at page 368, where m s/i? 
charge for each foot in width, it is evident if i he the width^ 
in feet, mi-^/A' will be the whole discharge per 
ence we have only to employ the corresponding 
fficient in the table in order to ohtain the discharge in cubic 
t per minute. If A he in feet, the value of in must be taken 
1 the fourth column, and if in inches, it must he takea 
a the fiflh column. 

isample : Bequired the discharge orer each foot in width of 
ink 2 inches thick and 10 feet long, with a still pond above 
idaheadof '25feet orSiuches. Using -25 for the height, 
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the correspondiug coefficient in the table will be 191. Hence 
191 X '25' = 23*9 cubic feet per minutr, or usiug 3 for the 
height in iuclies, the coeffioeut ia 4-6. Hence 

4-6 X 3^ = 23-9 cubic feet ss before. 

The quantity calculated from Mr. Beardmore's coefficienl 

214 would be 214 X -25' = 26-7 cubic feet. 

EXFERIMENXa OF DU BOAT AND OTHERS. 

Mr. Bkcknell gives a diagram showing the nicBu results 
arrived at by other experimenters, and from this the following 
Table of Coefficients has been prepared. 


Dtp 111 


Du Biul'> eiperi- 


SmcUuD, OKI weir 
ID. wide. 


Pm«1.t.nd 

L»bnii, gn > w«r 

7jiii. «ide. 


CuldmdD'iki- 
buiuDiiooiiiBr 
7-B7iB.»id.. 




■.H„ 


Mninco- 


-heDTi 


^y^"hii 


"^ffl^cnl" 


Mc<iM 


;£€ 


Muncq- 

eOcient 


wtiaiiti 


1 






227 


5'47 


200 


^■82 


200 


l'S3 


•i 


202 


4-87 


204 


4-91 


197 


i-n 


19G 


i-n 

4-69 


3 


163 1 i-07 


194 


46? 


193 


4G5 


193 


4 


16ti 


1-05 


194 


4-67 


190 


4 -53 


190 


4.sa 


5 


16S 


4-05 


194 


4-C7 


190 


4-5S 


190 


4-58 


e 






178 


429 


190 


4'58 


190 


1-S8 


7 


202 


4-87 


201 


4'e4 


Ida 


4-53 


191 


4-ao 


8 










184 


4'43 


191 


4>68 


Mean. 


lao 


■1-48 


204 


4B1 


192 


4-e3 


193 


'" 


Some engineers are ia the habit of gauging the depth over 
a weh by observing the height to which the water rises on lli« 
fcce of a common 2-foot rule held flatwiae to the stream, and 
Rt the outer edge of the overfall bar or crest of the weir. Mr 
JihekweW made many ttioh Ui oacertam tlie vidue of Ai 


j 

1 
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[I, and he observes as a result, " that the head of water 
an overfnll may be ascertained approximately, but ouly 
the insertion of a 2-foot rule held a 
;rfall bar, and observing the height to which the water 
8, as the total head above the crest." 
rhere can be no doubt that this is a difhcult and uncertain 
iod of observation, as the water coming with coosiderable 
jcity agaiust the face of the rule, does not form a hvel and 
form head there, but is liable sometimes to be depressed 
I Boraetiines elevated above its true level. The method r 
amended by Mr. ISeardmore is therefore much to be pr 
red. He says a stake should be driven in tlie still pond 
ive the weir, until the top is exactly level with the top of 
r overfall bur. The depth of the water over the 
I can then be dipped with the 2-foot rule or any other 
?or reading it, and recorded either in inches or in 
ndtha of a foot. One great advantage of this method is 
IB, that when the stake or mark in the still pond is once 
curately fixed — and this should be done by means of -the 
irit-level in the ordinary manner of putting in level stakes — 
tepping on the head of the stake may afterwards be en- 
Hti to any careful person who can read and write ; whereas 
Riethod of dipping on the weir with the flat side of the 
le requires extreme caution, and should not be lightly en- 
isled in the hands of any but an experienced assistant. It 
important to observe that the water in the still pond has 
quently a slight inclination for several yards above the weir, 
that the stake should be driven down where the water is per- 
tly level and has no perceptible motion. The best formulce 
' calculating the flow over weirs are all based on the greatest 
»d or depth being observed. 

M. Du Buat had assumed in the theory on which hia for- 
ila was founded, that the thickness of the blade of water was 
ual to half the total depth from the crest to the top of the 
iter. Mr. Blaekwell made experiments on this subject by 
iineraiug the thin brass sUde of the rule and reading the 
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d«pth wlien held edgewise to the course of the stream, j 
filackwell found that the assumption of Dii Buat v 
means correct. In tlie case of the overfall plank 2 inchei 11 
the thickoess Taried from six-teuths to eight-teDths of then 
depth, following the law of increase, as the total head in 
In the case of weirs with long crests the thickness is g 
much less, Tarying from one-fourth to one-half of the ti 
depth. 

Mr. Blackwell observes trulj, as the result of his e 
tnents, that no formula with a constant coefficient will g. 
true discharge of water by a weir. 

On the Imporlanee i^ accurate Gaugtnff over JTeirt. 

There is no aubject more deseniug of attentioD I 
waterworks engineer tban the accurate determination o 
discharge over weirs. In cases of impounding reaervoin iBs 
embankment is commonly furnished with a. weir, over wbicli ihi 
waste water passes for the use of millers on the stream bdo". 
The discharge over the weir is frequently regulated by Act of 
Parliament, and the Company ia bound to allow a certlii 
quantity of water to flow off for the use of the milb. Heuca 
the extreme importance of determining the e; 
a weir in proportion to the head of water flowing o' 

In laying out or designing waterworks also, the accutiie 
gauging of streams is of the utmost consequence, in order to 
show the quantity of water which may be depended on at bQ 
seasons of the year, and to show by comparison with future 
observations the quantity abstracted from mills, &c. 
of compensation to millers for loss of water-power, the accunM 
gauging of the various weirs and sluices, in order to show tlu 
comparative quantity of water used and wasted by the miUw 
at different seasons, becomes of great importance. 

Probably the moat convenient method of gauging n 
would he to have a rule graduated, to show the discharge in 
cubic feet per minute for each foot in width, so that the dis- 
charge could be read off at once by inspection, without n 
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to a table or calcnlation. The scale below sbowa how ^ 
of thia description should be graduated, where the u 

iSicient 5'1 is adopted in the formula C A- = D: — 

Cubic leet ptt | 

Thus at I inch on the rule should be marked 5- 



A rule of this description would enable an observer, by a 
e trial, to pronounce on the spot what is the approximate 
icharge of a. weir, and this without the aid of a level or any 
itrument for putting in a etake, as it would be near enough 
! this purpose to gauge over the lower edge of the weir, 
h the flat side of the rule opposed to the current. 
.Where greater accuracy is required than that derived from 
»efficient, such as o or 5'1 assumed for all depths, the rule 
ght have divisious corresponding to the r5 powers of the 
pths, or one of the faces might be so divided, in which case 
E observer might employ his own coetEcient. 
It may be worth noticing that the discharge in cubic feet per 
e is readily converted into gallons per day by multiplying 
100 : thus, 35 cubic feet per minule = 35 x 90OO = 
5,000 gallons per day of 24 hours. This is aa operation so 

:, that it can readily be performed in the head without . 
J great effort of raiiid. 

On the Emptoyment of the Coefficient for calculating the 

Discharge over Weirs. 
Having settled the general formula for the discharge ovfl 
', it is obvious that all we have to determine fron^ 
periment is the value of C, without any reference to the 
D 23 or the force of gravity. In fact, there is considt 
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1 and the mcniiiiig 






jguity in the use of this express! 
Ted 

Dr. Uutlon makes g to represent IG^, but Mr, Blackwell, 
Mr. Nedlle, and others who have written on the subject of 
weirs, hase taken the value ops' at double, or 32 J-, Hence, as 
tlie expression is ouly necessary to elucidate the theory of Ujc 
subject, it is belter to get rid of it altogether in practical cal- 
culatiot 

Mr. Blaekwell uses two coefficients, one of which he 
m and the other k. 

The first, wi, is merely a factor, by which 8-03 is to Iwi 
tiplicd to give the discharge in cubic feet per second, 
which 48r8 is to be multiplied, to give the discharge in colrie 
feet per minute. His other coefficient. A, is to be used when 
the depth is taken in inches, and really does dispense with tbe 

factor t/'^ff, and simply means the factor by which A' is tob« 
multiplied to give the discharge in cubic feet per second. 

Hence it follows that my ooeffieieut* for feet is equal lo 
Mr. Biackwell's m multiplied by 481'8, and my coefficient far 
inches is equal to Mr. Blackwell's A multiphed by 60; 
algebraically. 

My coefficient when A is in feet . = 481'8 m 

„ „ A is in inches = 60 it 

Mr. Neville, in his tables of the discharge over weirs, W 
termed the theoretical discharge 321 A> instead of 481-8 ^ in 
cubic feet per minute, and his coefficients form fartora by 
which 321 is to be multiplied, in order to give the dtschargv 
in cubic feet per minute. Hence, coUeclhig all the corres|Miid- I 
ing values, 

Mr. 

My coefficient when A is in feet ^ 48l'8m 
„ „ A is in inches = (iO 4 

• SEetibVc&&l ^n^ges 3^9 and 372 
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On the Velocity at which Water should Jtow in CAauneU. 
It is the opinioQ of M. Genieya and some other bydraulic 
thoritiea, that in order to preserve tlie salubrity aod fresh- 
S3 of water flowing in open channels, the surface velocity 
ould not be less than about BO feet per minute. Dupuit, 
hough not disputing the advantage of rapid motion in open 
onnels, is of opinion that no very extraordinary sacrifice of 
ononiy ought to be mode to secure such a velocity as SO 
it per miuute, and considers that 50 feet per minute would 
EvutBuieDt, especially in aqueducts and couduits of brick or 
nnry. 

ix. Beardmore gives a table of the characteristics of riven, 
riled from a pnper in the ' Philosophical Transactions.' 
1 this paper and the table which precedes it in Mr. 
lore's book, the following brief notes are taken. 
H. The artificial canals in the Dutch and Austrian Nether- J 
mds have I* = 2 to 9-03 and V* — 30 to 40. 

Z. Rivers in low flat countries, with many turns and wind* 
aga, having a very slow current, and being subject to frequent ' 
tail lasting floods ; as, the Nene below Peterborough, wht 
[=2 and V=6G,section of river infeet 44x5-5; the Thames | 
Wow Stainea, where I = TsO to 3-73 and V = 101 to I3( 
'fheu the volume and depth are greater, however, the velo- 
city is much increased, with only a small addition to the rate 
'ffaU. Thus, the Severn between Worcester and Gloucester, 
lith a section of 1 60 X 16, has I = 5 and V = 190. 

Canals in Flanders are said to have I = (i*33 and V ■ 
'Ut this is probably a mistake, as the velocity is nmch too J 
Teat for the fall. The Neva at St. Petersburg, with 
ion of 900 X 63, is said to have I = 1-7 only, and V = 
I'he Ganges, of which the volume is much greater, with 1 = 
las V = 264. Wiien the Nile is low, the section at Cairo ia J 
ibout 900 feet wide x 14 feet deep, and I = 3^, V = 110; 
IS (he full in inches per mile, and V means (he tuititce tcIoc^J J 
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■wien the river is high, the section at Cairo being 1100 xlO, 
1=5 to 5, and V=3(}0. 

Mr. Beardmore Eaye, ho^evei, Hiere are rivers of BQcb i 
character that 1=12- 18 and T=60. (This proportion belwuMi 
the inclination and velocity could scarcely obtain unless the 
river were mucb impeded by aquatic plants or other obEtrue- 
tions. Scarcely any river can have a seetion so disadvantage- 
ous as to produce an hydraulic mean depth = 1 ; and yet u 
hydraulic mean depth of I, with an inclination of 1 foot pet 
iiiile, will give a. velocity, according to Mr. Beardmore's i 
formula, of nearly 80 feet per minute.) 

3. The upper parts of rivers in Ion countries, and riven 
generally in districts having a mean inclination between flat 
and billy. Examples of such rivers may be found in the Dk 
above Chester, where 1 = 11, the Forth near Stirling, where 
I = IS, the Seine from Paris to Hivre, where I = 12'4 ami 
V= 125,* the Shannon below Lough Allen, where 1 = 13. 
Such rivers may be taken ia most countries to have a me*B 
inclination of nearly 16 inches, and V ^ 90, although tlue il 
often exceeded in rivers of great depth and volume. 

4. Rivers in hilly countries, with a strong current, or nearlj 
straight course, and rarely overflowing. Examples; — the Lniw 
above Lancaster, where I = 23 ; the Thames below Oxford, 
where I = 2 1 and V = 1 76 ; the Rhone from Besan9on to the 
Mediterranean, where I = 24- 18 ; f the Rhine between 8tr»i- 
burg and Scbenckeuscbantz, where 1=24; J the Tiber at Rome, 
wbereV=197;t the Loire, where 1=242 and ■V=256. Mr. 
Beardmore gives as the type of such rivers I=24'37 andV 
IBO, but is surely not correct in saying that they rarely overfloif 

-witness the Thames below Oxford and the Neiie bt^tween 



I* From sn observation made b; M. de Chtzj on the 
uamet; between Surenes and Neuilly, the fall appears to be oal] 
English inches per mile, and the velocity 150 feet per miimtE. 
t The Rhone at Aries, according to Dupuit, hai a velovitf at low 
->2S7fect per minute, and at Bacnaire V — SU. 
t Dajfuit. 
I t 
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HkQsford and Peterborough, where the valley has I = 21't 

Both these rivers are remarkable for their extensive and devas 

tating Aoods, which however are doubtless due iu a great mea 

svu-e to the weirs built across them fur purposes of navigation 

5 . Kircrs la their descent from atnoug mountains down into 

the plains below, in which plains thej run torrent-wise. Mr 

lieardmore gives as the type of such rivers, I = 31-68 and 

"V = 300, and for rivers which are absolute torrents he give 

T = 37-27, V = 480. His taMe of actual rivers contains onlj 

two examples of such currents, namely the Nene in the oolitic 

istrict above Waosford, where I = 38-7, and the Ebine be 

tea Scbaffhftusen and Strasburg, where I = 48. 

Artifidal Canals and Aqueducts. 
The Canal de I'Ourcq, with a fall of 4 inches per mile, ha 
calculated velocity of 75 feet per minute, while the New 
iver, according to Mr. Beardmore, with a velocity between 
le sluices of 2^ inches per mile and of 5 inches per mile iu 
lading the sluices, has an actual velocity of 50 to GO feet pe 
Binute, 

The following is a list of some celebrated Aqueducts, taken 
fiom Dupuit's work, showing the inclination and velocities. 




NAMEOFAaUEUUCT. 


milt. 


minute' 




Pont du Card »t Nlmes (Seclion of water *' x 3'-4")* 

Aqaeduct of Pont Pyla, Lyons (Section of water 

l'-l(r^l'-10")* .... 

„ „ MemSectionof«ater3'-2"x2''2")'. 

;: :: t^v^ :::::: 

„ „ Mflifltenon 

„ Caserte, Naples, (Section of water 
3'-ll''x2'-?")« .... 


2-U 

B'BO 
&-3U 

MO 
l-fl2 


m 

l(i7 

lae 

90 
^3 


Wucli bring muUiplied l(j the area of the water, will give.thi tiiwhari 


1 



r 
I 
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The foar first aqueducts in the preceding table are works of 
the Bomana, and are remarkable for the high velocity of tht 
water which flowed in tliem. That of Nlniea in partioullT 
when full must have been capable of coaveyiug about eighUCD 
miliion gallons in twenty-foar hours. 

The aqueducts of Trappes, Roquenconrt, and KLuDtenon 
were formed for conreyiug the waters irom various strnint 
and impounding reservoirs to cupply the magnificent Uktt 
and fouDtaina in the gardens of Versailles. 

The aqueduct of Caserte was constructed by Charles III.. 
King of Naples, to supply a palace which he built in the pltin 
of Capua, near Naples. The aqueduct of Montpeliier, wbidi 
has a slower velocity than any of the others, auppUes water to 
the town of Montpeliier, consisting of 33,000 ialiabitai 



' 'WATER THROUGH PIPES. 



aota^^fll 

of urnnf'* 



This subject is intimately related to the flow of 
uuiforra channels, which has been already treated at soirt 
length ; in fact, the one aubj ect may be termed a modificatiDH 
of tiie other. A pipe is simply a channel in which the wettd 
perimeter is the inner periphery of the pipe, and it follows, 
from the relation between the circumference and the area of » 
circle, that the hydrauhc mean depth of a pipe when 
with water is simply one-fourth of the diameter, thus : 
Area of pipe _ •7854ii' '_rf 
Circumference a-1416^ 4" 
The hydraulic mean depth of a pipe half full is also = 

The same eminent men who have investigated the t 
water in open channels, have also applied their distinguli 
attainments to the subject of pipes. Du Buat, Bossut, Cuu- 
plet, and Coulomb have shown that the same equatio 
good with respect to water flowing in pipes as iu open cl 
and that K I ^ aU + 6U^. 

The values of the coefficients a and b in the case of 1 
liowevet, are dlffetenl tvom l.\«iSLC wWii apv'y ^ open cl 
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Thus Prony determined, from fifty-one experiments made by 
Du Buat, Bossut, and Couplet, with pipes from 1 to 5 inches 
in diameter and from 30 to 1 700 feet in length, and one pipe 
19 inches in diameter and nearly 4000 feet long, that a = 
•0000173314 and ft = -000348259 ; and substituting these 
Talues in the above equation, it follows that U = (2871*09 

RS + -0006129)' — -0249 for measures in metres, and for 
measures in English feet 

U = (9419-75 R S + •00665)*--0816 . . (20). 

M. Prony has further simplified this expression for the 
case of pipes in actual practice, and replaces the preceding 
equation by the following, in which the value of R is ex- 
pressed in terms of the diameter : J D S = -0003483 U^, or 
DS = -0013932 U2 . . . (21). 

Hence U = 26'79\/D S for measures in metres ; and when 
the measures are in English feet the expression becomes 

U = 48-49VDS .... (22). 
Now if for S, the sine of the inclination, / = _ V we sub- 
stitute H, the head or fall in feet per mile, we obtain 

48-49 

VDH = U . . . (23) 



V5280 



VDH , „ 2.25 U2 ^^.. 

= y__andH = — ^^ . . . (24). 

Eytelwein, who followed the same mode of investigation as 
Prony, also determined the value of a and h from fifty- one ex- 
periments of Du Buat, Bossut, and Couplet. He found* that 
for pipes a = -0000223 and h = -0002803, from which, when 
the measures are in metres, we derive 

U = (3567-29 RIH- -00157)*— -0397, 
and this, reduced for measures in English feet, becomes 

U = (11704 R I + -0 1 698) « — -1303 . . (25). 

♦ NeviUe. 



.nd 11 = '"'"' (28) 



883 rtowop water through pipes. 

The drdmal -01698 tokj be neglected in this cquAtian ; ul 
if we convert it as before into terms of the diameter and oriht ■ 
full per mile, it becomes 

/ 11704 DHU_.,303^/DHU_.,^P3 
V 528U X 4 / \ 1-80 J 

The common form of Ertelwein's rule for pipes is, 

\l + 50d/ 
when A is the head and / the length, both in feet. 

The expression 50 d, which is added to the denominator in 
the above equation, may be entirely neglected in verv iBng 
pipes. Purling 11 for the fall per mile as before, and rejecliii| 
50 d, Eytelwein's form becomes 

„ _ /5280DHU _. / DHU 
\ 2oOU / \2112/ 
2112 m 
D 

The subject of the flow of water through pipes has ilw 
been investigated by Dr. Thomas Young, Sir John Leslie, uid , 
others. Julius Weisbneh, in a recent work {'Ingenieur-aDd 
Masehinen-Mechanik'), takes a somewhat different view from 
other writers, and proposes this formula:- — 

where I is the length in feet, H the height in feet requited tt 
OTercome friction in that length, and the other letters repre- 
sent the same as before. 

If we now take ( = 59SO feet in one mile, H becomes = 

76-033 U° 90-6 V^ _ IMS U^ 1-^1 U? 

64'4 D "•" 64-4 D v'U ~ D D ■ ■ (30)' 

This formula is not materially different from Pronv'a and 
Eytelwein's, where the Telocities are small, but differs consi- 
derably for high velocities, A very escellcnt table, calculated 
from the formula ofWelsbttch, is inserted in Wcale's •Eogiaeer 
and Contractor's Pockei-book for 1855-6.' This table has 
been calciilaled in English measures by Messrs. Thomson and 
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Poller, CSvil Engineers, of Belfast, and shows the head required 
to overcome friction in 100 lineal feet of pipe varying in dia- 
meter from 3 inches up to 30, and at various velocities, in- 
creasing hj one-fifth of a foot per second from 2 feet up to 7. 
In this tahle the head multiplied by 52*8 gives the fall per 
mile necessary to overcome friction. The table also gives the 
(quantity of water delivered in cubic feet per minute, correspond- 
ing with each amount of head and rate of velocity. This dis- 
charge in feet per minute, when multiplied by 9000, becomes 
^;allons in twenty-four hours. 

This table gives in all cases a greater velocity, and conse- 
quently a less head for friction, than Prony's formula. For 
example : with a velocity of 2 feet per second the following 
is the head in feet per mile required to overcome friction : — 

According to According to 

WeiBbach'i table. formula H = £I!liL 

3 inch pipe .... 34*79 3600 

6 inch „ . . . . 17-37 1800 

12 inch „ .... 8-71 900 

24 inch ,, .... 4*33 4*50 

For Velocities of Z feet per second, 

3 inch pipe .... 7128 8100 

6 inch „ .... 35-85 40*50 

12 inch „ .... 17*89 20*25 

24 inch „ . . , . 8*98 1012 



D 



For Velocities of 1 feet per second, the highest in the table, 

3 inch pipe .... 33528 441*00 

6 inch „ . , . 197*90 220*50 

l2inch „ .... 83.95 110*?5 

24 inch „ .... 41*92 55*12 

It vnll be observed that for small velocities, such as 2 and 
3 feet per second (those which are most common in the pipes 
of waterworks), the results in the table of Weisbach differ only 
slightly from those given by the more simple formulae. For 
^gh velocities, such as 7 feet per second, the difference is muclv 
greater ; but this is a velocity far too great for water flowing 
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Ihraagh pipes, and one wbicJi occasions so much loss 
MS to be M^ldont used. 

For bng pipes we have seen (EquAtion 24) that a 
Ptddv, 



n 



n 



D ' 

2U2U« 



Bnii ftceordiDg to Eytelwein ( 



D 



Id order to allow for the cfTects of bends aod oibe^ 
rilies in pipes, Mr. IllHcknell proposes to u 
equation ; and tliis allowance is oae which certainly a 
sufe Hide, aa for a given fall and diameter it shoin 
what ieas velocity than that which Prony establish 

I mast bure acknowledge my obligntions to Mr. ] 
for hia valuable suggoBtion of this very simple Englis) 
of Prony's equation. In calculating the ollovrance fur fi 
iu pipes of considerable length and diameter, it was fot 
eiceedingiy ready and convenient method, although sug. 
by Mr. Blackwoll without any pretsDce to extreme ace: 
Having Intely however had the opportunity of compar 
and deducing it directly from Frony's equation, which 
be considered the parent of it, I am induced to reprod 
here with more confidenoe. 

As this formula will be found of immense practical vs 
solving a great many questions relating to the dimensic 
pipes, the velocity of water flowing through them, m 
head to be given to overcome friction, I shall briefly (| 
Ule the several values of U, D, and H, 

Let U be the velocity in feet per second. 






pipe: 



1 feet. 



vi 
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!xAMi'LES.— 1. Required the velocit}' of water issuiug from 
pe 2 feet diameter 4 miles in length, connecting two re- 
'oirs, one of nhich is 30 feet above the other. 



thenU 



'V ^ 



= v/6^ = 



selocity in feet per second. 

L 2-feet pipe has no area of 3-1416 feet, and, with a »e- 
ity of one foot per second, will deliver 188'3 cubic feet 
minate. Hence, with a velocity of ■2-55, it will deliver 
l'5 X 2-55 = 480-675 cubic feet per minute, or 4,326,075 
one in 24 hours. 

, Required the diameter of a pipe having a fall of 10 feet 
mile, capable of delivering water with a velocity of 3 feet 
second. 
Eer^J = = 2 07 feet, the diameter required. 

Required the head or fall per mile necessary to ovep- 
friction in a pipe 3 feet diameter, discharging 6 milliol 
IB' in 12 hours. 

6,000,000 



HereD = 



3 andU = 

6,000,000 _ 



1,908,522 

thenH = £l^t3:Aii 



0x4500 x; 
3-14. 

7 56. 



!-7854 



Hence a gravitating main, 3 feet diameter, must have a fall o 
7'57 feet per mile, or say in round numbera 8 (cct per i 
in order tn discharge 6 mdlion gallons in 12 hours. 

If the pipe be a pumping main, the same height of 8 feetj 
per mile must be added to the pumping lift in calculatinj 
power of the engine required to perform the work. Sec ex-l 
aiaplea at page 279, where the height for triction it 
added in computing the work to be performed by pumpinfl 
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1^1 Q he the discharge iu cubic feet per eecoud. 
frijni Equation 24 (Prony'«) we derive 

Q = (-274I>*n)* . . . . (34): 
iil*o rrom Equation 28 (Eyielweiu'a) wc deriTe 

Q = (292D*H)^ .... (35) i 
and from Eqiiaiiun 31 (BlaikncU's) 

Q = (-26a D*H)* .... (36). 
For short lengths of pipe the followiog formulB nill bi 
found useful, where d is the diameter in inches, A the heigb 
or fall of the pipe in feet, and / the length in feet. Tbea tlu 
diacharge io cubic feet per minute is 

= ( *.^! U. 

l{-0448 il + A-2d)i 
Example : Required the discharge of a 2-inch pipe 100 fw 
long, with a faU of 4 feet. 

nere {-^^^ V = fi^^* = 523 cuWe f«.. 

V-0448 (l'W + 8'-l)/ \^.m) 

I^t Q' be the discharge in cubic feet per minute. Then 

hate from Prany's equation (20) 

Q'=(986D'^B)^ = 3]-4(1>''H)* . . (37) 
from Eytelwein's equation (21), 

Q' = {105l D''H)^ = 32-42(D»H)*^ . (38);; 
nnd from Blackwell's equation (27), 

Q' = (965 D'H)^ = 31 (D»H)* . 

If for H we substitute h nnd /, both in feci, we LaTe on 
\a multiply the coefficient in each of the aliore equntloi 
72-6fi, the square root of 5280, the number of feet in a 
Thus the value of Q', 

ancording to Prony, is 2282 — ^}- ■ ■ 



\ 



according toEytelwein, 2356 i^"/. 
V' 
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ordiog to BlackweU, 2252 (5i^ . . . (42). 

Pormula 41 is identical with the one which Mr. Beardmore 
J used to calculate his Table of Discharges (see page xvii., 
ardmore's 'Hydraulic Tables/ 2nd edition). 
If (/, the diameter of the pipe^ be expressed in inches^ as is 
quently the case, all the other dimensions being in feet, we 

ve only to divide the coefficient by 12'^=498-8. We then 
tain the following values of Q' : — 

By Prony's formula, 457 J?!^ = Q' . . (43) 

1 

Eytelwem's, „ 472 ^^1^ = Q' . . (44) 

V* 



Blackwell's „ 451 ^^?iiL = Q' 



(45) 



Neville's 



„ 4-81 ^^;^-^ = Q' . . (46) 



Formula 44 is the same as that which has been derived 
m Eytelwein's equation for short lengths, in which the 
.meter exceeds louth part of the length, namely 

^ \ '04:46 (^+4-ii d) ) ' 

Here '0448= ; — p^^, or the reciprocal of the square of 

(4*72)^ 

telwein's coefficient. 

Eytelwein's formula 44 is also identical with that given 

Mr. Pole, where Z, the length, is expressed in yards, d 

inches, and h in feet as before. (Paper in ' Journal of 

8-Lighting,' 10th June, 1852.) 

Mr. Pole's form is, 

re 2-72 = 4-72 -!- -v/3, or equal to Eytelwein's coefficient 
ided by the square root of 3. 



'%^'. 



I*. . 
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Table L 

^^k tf Horse-Power, showing the amount required to raise from 50,000 
to 10|000,000 gallons I foot high in 24 hours. 



Oalloiu lifted 


Hone 


GallonR lifted 


Horse 


GaUons lifted 


Horse 


, 1 foot high 


Power 


1 foot high 


Power 


1 foot high 


Power 


in 24 hours. 


required. 


in 24 hours. 


required. 


in 24 hours. 


required. 


50,000 


•0105 


1,400,000 


•2946 


2,750,000 


•5787 


100,000 


•0210 


1,450,000 


•3051 


2,800,000 


•5892 


150,000 


•0316 


1,500,000 


•3157 


2,850,000 


•5998 


200,000 


•0421 


1,550,000 


•3262 


2,900,000 


•6103 


250,000 


•0526 


1,600,000 


•3367 


2,950,000 


•6208 


300,000 


•0631 


1,650,000 


•3472 


3,000,000 


•6313 


350,000 


•0737 


1,700,000 


•3577 


3,050,000 


•6418 


400,000 


•0842 


1,750,000 


•3683 


3,100,000 


•6524 


450,000 


•0947 


1,800,000 


•3788 


3,150,000 


•6629 


500,000 


•1052 


1,850,000 


•3893 


3,200,000 


•6734 


550,000 


•1157 


1,900,000 


•3998 


3,250,000 


•6839 


600,000 


•1263 


1,950,000 


•4104 


3,300,000 


•6945 


650,000 


•1368 


2,000,000 


•4209 


3,350,000 


•7050 


700,000 


•1473 


2,050,000 


•4314 


3,400,000 


•7155 


750,000 


•1578 


2,100.000 


•4419 


3,450,000 


•7260 


800,000 


•1684 


2,150,000 


•4524 


3,500,000 


•7365 


850,000 


•1789 


2,200,000 


•4630 


3,550,000 


•7471 


900,000 


•1894 


2,250,000 


•4735 


3,600,000 


•7576 


950,000 


•1999 


2,300,000 


•4840 


3,650,000 


•7681 


1,000,000 


•2104 


2,350,000 


•4945 


3,700,000 


•7786 


1,050,000 


•2200 


2,400,000 


•5051 


3,750,000 


•7892 


1,100,000 


•2315 


2,450,000 


•5156 


3,800,000 


•7997 


1,150,000 


•2420 


2,500,000 


•5261 


3,850,000 


•8102 


1,200,000 


•2525 


2,550,000 


•5366 


3,900,000 


•8207 


1,250,000 


•2631 


2,600,000 


•5471 


3,950,000 


•8312 


1,300,000 


•2736 


2,650,000 


•5577 


4,000,000 


•8418 


1,350,000 


•2841 

• 


2,700,000 


•5682 


4,050,000 


•8523 



w^ 
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Tablb I.- 


Conlinueii. 




1 


!D^=«»lift»d 


b™, 


Galloni lined 


Horn 


G^l<.n.llll«i 


Hmi 




I fc" lligb 


PuBtr 


Ifoottlgh 


Pdw« 


Ifoolliigh 


Vimcr 




in 14 bour. 






requirtd. 




«,UW-I. 




4,100,000 


■8028 


6,100,000 


1^2837 


8,100.000 


I-JO« 


4.150.000 


■8733 


6,150,000 


1^2942 


8,150.000 


1'71S1 




4.200.000 


■8833 


6.200,000 


1-3047 


8,200.000 


1-72S6 




4,250.000 


■8914 


6,250,000 


r3153 


8,250,000 


1-7361 




4.300,000 


■9049 


6,300,000 


1-3258 


8.300,000 


1'71W 




4,350,000 


■9154 


6,350.000 


1-3363 


8,350.000 


1'7S71 




J, 400,000 


■9259 


6,400,000 


1-346B 


8,400,000 


1-7677 




4,450,001) 


■9365 


6.450,000 


1-3673 


8,450,000 


rr78a 




4,500,000 


■9470 


6,500.000 


1-3679 


8,500,000 


1-7887 




4,550.000 


■9575 


6.550,000 


1-3784 


8.550,000 


1-7993 




4,600,000 


■3680 


6,600,000 


1-3888 


B.600.000 


1-B0»a 




4,650.000 


■9786 


6,6.'>0,O0O 


1-3993 


8,650,000 


1-820S 




4,700,000 


■9891 


6,700,000 


1-4008 


8,700,000 


l^fl30« 




4.750,000 


■B99fi 


6.750,000 


r4204 


8,750,000 


1-84H 




4.800,000 


■ ■OIOI 


6,800,000 


1-4309 


8,800.000 


I>851» 




4,850.000 


1^0206 


6,850,000 


1-44U 


8,850.000 


l>a62l 




4,900,000 


10312 


6,900,000 


1-4519 


8,900,000 


1-B72S 




4.950,000 


1-0417 


6.950,000 


1-4625 


8,950,000 


1-8834 




5.000,000 


\0522 


7,000,000 


1-4731 


9.000.000 


1-8940 




9,050,000 


10627 


7,050,000 


1-4836 


9.050.000 


1-904! 




5,100,000 


1-0732 


7,100,000 


1-4941 


9,100,000 


l-gi5U 




5,150,000 


1-0838 


7,150,000 


1-5046 


9,150,000 


l-921i 




5.200,000 


1-0943 


7.200,000 


1-5153 


9,200.000 


1-9366 




5,250,000 


M048 


7.250,000 


1-5257 


9,250,000 


1-9466 




5,300,000 


M153 


7,300.000 


1-5362 


9,300,000 


I-9S71 




5,350.000 


M259 


7,350,000 


1-5467 


9,350,000 


i-98;« 


5,400.000 


I-13G4 


7,400,000 


1-5573 


9,400.000 


1-9781 




5,450,000 


1-1469 


7,450,000 


1<5678 


9.450.000 


1-9887 




5,500,000 


1^1 574 


7,500,000 


1-5783 


9.500,000 


1-9993 




5,550,000 


1-1679 


7,550,000 


1-5888 


9,550.000 


2-oos; 




5,600,000 


1-1785 


7.600,000 


1-5993 1 


9,600,000 


2-0202 




5,650,000 


1-1890 


7.650,000 


1'6099 


9,650,000 


2-0307 




5,700,000 


1-1995 


7,700,000 


1-6204 


9,700,000 


s-otil 




5,750,000 


1-21O0 


7,750,000 


1-6309 


9,750.000 


2'051f 




5,800,000 


I ■2206 


7.800,000 


1-6414 


9,800,000 


2M3S 




5,1)50,000 


l'23ll 


7,850,000 


1-6520 


9,850,000 


20728 




5,900,000 


1^2416 


7.900.0O0 


1-6625 


9,900,000 


2-0834 




5.950,000 


1'2521 


7,950.000 


1-6730 


9,950.000 


2-0938 




6,000,000 


1-2626 


8,000,000 


1-6835 1 


0.000.000 


21044 




6,050,000 


1^2732 


8,050,000 


1-6940 
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Table II. 

g the Power of Cornish Engines working with a load of 18 lbs. per 
inch on the Piston^ and an effective Velocity of Wdfeet per minute. 



;ter 

ider 

les. 


Area of 
Cylinder in 

square 
inches = a. 


Horse Power 
of Engine 
axisxii 

3300 


Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
inches =a. 


Horse Power 
of £ng:ine 
axlsxil 

33U0 


» 

* 

1 

1 
1 

1 
1 


177 
201 
227 
254 
284 
314 
346 
380 


11 
12 
14 
15 
17 
19 
21 
23 


23 
24 
25 
26 
27 
28 
29 


415 
452 
491 
531 
573 
616 
661 


25 
27 
29 
32 
34 
37 
40 



Table III. 

g the Power of Cornish Engines working with a load of 17 lbs. per 
inch on the Piston^ and an effective Velocity of W^ feet per minutt. 



ster 

ader 

bes. 


Area of 
Cylinder in 

square 
inches :=a. 


Horse Power 
of Engine 
axiyxn 

3300 


Diameter 

of Cylinder 

in inches. 


Area of 
Cylinder in 

square 
inches = a. 


Horse Power 
axi7xii 

3300 


1 

; 

i 

> 


707 
755 
804 
855 
908 
962 
1018 
1075 


40 
42 
45 
48 
51 
54 
58 
61 


38 
39 
40 
41 
42 
43 
44 
45 


1134 
1195 
1257 
1320 
1385 
1452 
1521 
1590 


64 

68 
71 
75 
79 
82 
86 
90 



Table IV. 

7 the Power of Cornish Engines working with a load of 16 lbs, ptr 
\tare inch on the Piston, and an effective Velocity of 110/ee/. 



iter 

ider 

les. 


Area of 
Piston in 

square 
inches = a. 


Horse Power 
axidxil 

3300 
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Tablk V. 
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Taule VI. 

HOKSE-PonER OP CuiiNttiu Stkau-Engine9. 
flji Afr. John Darlinsloa. 
allowing Talile has b«en compiled with the object of fumiihiiig 
oiniBte vaiue of tlie power in horses rendered by Camish Pump- 
bes having c>linilers from IS lo lUO ineiics diameter. The 
I employed for the caleulalioiis are those most usual with Coniiah 
tg and the efTective bone-poiver per alroke is given, that the in- 
ttj ascertain the total value of horse-power resulting from work- 
men number of strokes per minute. The ateam in most of the 
PumpiDg Engines is only permitted to act on one aide of the pis< 
lee aach mode of working is technically termed " single acting." 
' however it has been considered that equal economy is obtained 
llBcing the steam on both sides of the piston, anil a few engines 
jperation on this principle. The liorae-power of such (double- 
JDgines ma; he found by doubling the results given in the Table. 

Wer, Lead in Pounds, and Speed per Minule of Comiah " Single 
j" Eipansine Sleata Pumjiing Eaginea, Aouiajr VyHndert fiaai 15 
to 100 incAea diameter. 
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LeathBThead, cloao to Guildford ilood. 

Croydon, new the church. 

Caxahalton. 

Orpington. 

Birchinghin, Isle of Thunet. 

BedhamptoD, near Portsmouth, 

Chadwell, near Eertfocd, yielding from 2,700,000 galloiu 

iUion galJonB per day. 

Woolmers, in the valley of tlie Lea, yielding 2,700,000 gallons perill]'. 

Rivtir Lea, above Luton, chiedy apring water, yielding fi,40l},IHJO 
gallona per day. 

Bourne Stream, Kiddleadown, 2,026,000 gallons per day. 

Giuya Thunock apringB, now pumped up for the supply of Bioiit 
wood, Romford, &d., capable of yielding 7,000,000 gaJlona o-day. 

[. Bprmr/t gituati en tht Eacarpmeat lidt, or Short Siop» of the Clialt- 

Bourne MUl, near Eamham, 

ThoUolf Wellat Keinporing, onthSBontbaideof Iha North Donna 

• In 1843 Mr. Mj-lne stated the yield of this well waa 423.3(10 galloM 
ppr day. The spring wua met with 234 feet below the Burfuue. 

f Well annlc im fuet deep dowu to the chatlc, thou boieil 204 &i 
deep in cballc. 



1 boied2D4&ffaH 
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Lyddea Spout, near Folkestone. 

The Holy WeU, Beachey Head Cliff. 

Nine Wells, near Cambridgei yielding 423,000 gallons per day accord- 
ing to my gaugings in October, 1854. 

Cherry Hinton, near CambridgCi yielding 709,000 gallons per day ac- 
cording to my gaugings in Oetober, 1854. 

Godstone, Surrey. 

Cheriton, near Folkestone. 



SOUTH STAFFORDSHIRE WATERWORKS. 

SPECIFICATION OF ENGINES, BOILERS, AND PUMPS. 

This Contract comprises the making, erecting, and setting to work of one 
pair of engines, with boilers and pumps complete, capable of delivering in 
'•\velve hours' work 2,500,000 gallons of water through the main pipe, 
Under a head on the pumps, including the friction of the water in the 
pipes, of 355 feet. 

The engines are to be erected on a certain plot of land called Sandgate, 
adjoining the South Staffordshire Railway, and lying about halfway be- 
t ween the Hammerwich and Lichfield Stations of that Railway, and bounded 
On one side thereof by the Lichfield Branch of the Birmingham Canal. 

The general arrangement and design of the engine, &c. is shown on the 
dravring attached to this Specification. 

The engines are to be condensing and expansive double-acting beam 
engines, coupled together and working with cranks on the same crank- 
shaft, with one fiy-wheel between them. 

The connecting-rods are to be made so that either engine can be easily 
disconnected at the crank-pin ; and either engine must be able to work 
alone as well as in conjunction with the other ; and when working alone 
must be able to perform one-half of the work specified for the pair. 

Each engine to have one steam-cylinder without jacket. The steam- 
valves to be double-beat gun-metal, with proper nozzles complete, and 
throttle and expansive gearing, so as to cut off the steam at any required 
portion of the stroke. 

The air-pump valves to be formed of vulcani7.ed india-rubber flaps, 
working on gun-metal gratings. 

The principal dimensions of the engines are to be as under : — 

Steam-cylinders 46 inches diameter each ; length of stroke of ditto, 8 



r ili wne tn((li of main beun fram eylrniler centre (o connectuig-nll 
I Wf*. M I*** B inetif* ; ndim oT cnnk. 4 feeL 

^ at beun cmtn from door of engiDC-hoiiie, 21 feet i incbn. 
Width ftiHU pcnlre of one engine lo ixntre of Ihe oilier, H feel 2 Indict. 
DianwW of fly ■wheel not lew tbiui SI feel, wilh large «nd heavt n 
I k> TpgnlaU ibe tpation of the engine* perfectly. 

e irillOB-roite of the c7linden must be of Ihe best refined iron: l 
plilont to be filled oilh Ibe moit apprnveil metallic packing. 

rranka, cnnk-ihafti, and Itcnm -centres must be all of Iltt liul 
tiliroD. 

All the bearing! must lie formed of the beat gun-metal, of ampit fhift- 
0e» and ttrengtb, and be filled into Iheir places st 
lelr whole lorface. 

FT part of Ibe en^nei mtut be made atron; enough to bear irilboiil 
limking ten tinin the maximum itiain that can ever ari^ io KDiiin;. 
I cait-irim floor, lupportcd on iron gitden, is to be placed ranoil I)m 
ef part of the cf lindera, for the convenience of packing tlie glandi ami 
mining the pistons ( to be connecled «ilh Ihe enjine-liouie Hoot 
■mIow and Ibe besm.floor ahove, with neat open cast-iron slain and li|<it 
handrail. Ca>t-iron plates are to he fixed in 
over all parts of the cold-nateT datema, ncll. and other parts lonliicb 
■ccoi U required; proper rtilingi lo be prorided where rHiniied inlln 
}iidgment of Ihe enginKis of the Companjr for the safety of Ihe engini- 

A Inveliing-erane of Ihe bejl descriplion, capable of lifting ten tnni, it 
lo be provideii and fiied oter the engines. 

The engines are lo be finished as hright engines j all the jointi »te lo 
be made metal and metal ; all levers, joarnali. and other narking bcuiDp 
Id lie case-hardened, and joint-pins under IJ inch diameter lo beof tted; | 
•nd the whole of thii work throughout to l>e finished in the belt ityle of I 
niodern engines. 

Kach engine f> to be provided nilh one dauhle-acting combined (dungtr | 
and lift well-pump, to mode as to disrharge eqaal quantitiei of naln !• i 

i-and-down stroke. The plungers ore to be worked bjr mesiu of 
itmng CO nncc ling-rods direct from the main beam of t!ie engines. To b< ' 
attached at Ihe lop lo the dy-nheel connecting-rod centres, and al Itie 
1 to a cross-bead fitted lo the top of ihe piniiger. To be conneclri 

diameter of llie pumps is to be such th 



ling pipe of tbe pump to be three times the area of 



if Ibe plsn^^ 
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BO far as the pidnger descends into it. Proper guides to be fixed m such 
a manner as to secure a uniformly perpendicular motion to the plunger. 

The pumps are to be placed on separate wells, in which water will stand 
70 feet below the engine-house floor, and they must be provided with the 
most convenient ladders, stages, and means of access to all the valves and 
the necessary suction and delivery pipes. 

Pipes are to be provided to connect the two pumps together and with 
the main through which both are to pump. Each pump must also be pro- 
vided with a stop-valve, made perfectly tight, so as to prevent the return 
of the water when either or both pumps are not at work. 

On each rising main, immediately above the working barrel and on the 

breeches-pipe connecting to the large water main, a 4-inch blow-out valve 

is to be placed, loaded to 150 lbs. to the square inch, and each commanded 

by a 4-inch double-faced screw-cock, placed between the barrel or main 

pipe and the blow-off valve, so as to ease the pump at starting. 

An air-vessel is to be provided to each pump, the capacity of each of 
^hich must be equal to ten times the quantity of water raised by both 
punips in one complete stroke of the engines. These air-vessels must be 
proved to be perfectly tight under a pressure of 600 feet of water. 

Each air-vessel must be provided with proper discharge and filling pipes 
and taps, and wrought-iron diaphragm floats filling nearly the whole in- 
terior diameter of the air-vessel, so as to keep the surface of the water in 
the air-vessel as far as possible from contact with the contained air. 

Proper double-faced stop-cocks of Nasmyth's pattern must be placed in 
tWe inlet and outlet pipe to each air-vessel and the pi|)e connecting the 
two pumps. 

The pump and well-work is all to be made on the most improved plans, 
and the pump-valves must be Hosking's patent gutta-percha ball valves. 
The bucket to be geared w:th metallic packing. 

Tlie engines to be provided with proper balance-weights at the cylinder 
ends, to be fixed either in the pistons or between the cheeks of the beams, 
so as to balance the plunger ends. 

Four boilers are to be provided, of the following dimensions, viz. cylin- 
drical, with flat ends, and two internal tubes passing through each. Each 
iioiler is to be 32 feet long, 7 feet diameter, and the internal tubes 2 feet 
3 inches diameter above the fire-places, and 1 foot 9 inches diameter 
l>eyond. 

The plates for these boilers are to be -j^ inch thick, except the end 
plates, which are to be -^ Inch thick, with angle iron ribs riveted on to 
stiffen them. 

The ordinary working pressure of the steam is not to exceed 25 lbs. per 
iquare inch ; but all the boilers must be proved by water pressure to be 
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Iierreclly tight undei a pressure of 80 lbs. per sijiiare incli More Arj in 

All the boiler pl»te> arc to be at tlie best Stsffordshirc irou, nitb tin 
iiceptioD of ihoBG over the fire, which are la he of Lowinoor iron. 

The tlenm-pipea >re to cominuiiicale nith each builei' bj' lueatii of i 
iteaiii-TilTG, and B Bimilar «team throttle-valve ia to he pravided fni ucli 
ingine in the engine-house, sd that either engine may be worked from la) 

Similar arrangements are to be made to enable any boiler lo be Fed b; 
iither engine. The blow-off hut atid cold feed must be so lUTAnged willi 
iroper ilopcockt, ai all to enter the boiler through one Junction-pipe lo 
be atlBched to the bottom of the bailer at the front end. 

A nrought-iroa eipaniion flange to he provided and riveted on Uie, 
[uain range of ateam-pipca between each boiler. 

Each boiler to have two CBSt-troa luan-hole lids riveted on over tbe V)f 
□f Ihe boiler, and one wrouglit-irou man-hole aud cleueh plate to be find 
In part of the holler below and between the tubes. 

Each boiler to he fitted with one blow-off' valve attached lo one of tin 
tnan-hole lidi 5 inches diameter; three brass gauge-coclis, a glati gnud- 
gauge, and float-gauge and whistle to be attached to each boiler. The 
■sli-pit lo be covered with alrong smooth eaat-iron platea- 

jrovvd steam and vacuum gauges to be provided and fined id tbe 
engine-house. A complete set of spnnnera to fit every sized nut in ItW 
', and pump-work, to be arranged upon B cast'iron plate and &ivi 
agaiuat (be wall of the engiue-bous«. Two seta of firing-irons, a set «f 
ind dies, with hammers, (ilea, chisels, and vice to be provided, i 
small hrasa oil-cups and siphons with apriug lids to be affixed tail! 
the principal bearinga. A well-gauge and float is to be fixed lo as to Ic 
eco in the engine-house. An approved counter to he affixed ta eacheu- 
[ine-beam, so that it cannot be worked except the engine is workeiL 

The following duplieatea are lo be provided : — A set of main piunp 
bucketa and clacks j ditto for coLl water pump ; B duplieote valve of eicli 
> description of steam and stop-valve llirougboul the engine ; a dozen ^lu 
tubes for guard-gauges; twelve bolts and nuts for cylinder covers, six Cut 
pistons, twelve for clack doors, six for plunger glands. 

The engine cylinders and all the steam-pipes ore to be covered with i 
inches thickness of felt aud canvas, to prevent the radialigu of ho'i 
lagged ou the outside with 1 inch wrought and head deal tagging Bell 
liODiied round. 

All the work is to be painted once before leaving Ihe contractor's pre- 
and is to receive two more coals of oil-paint alter buug fixed,— ihE 



king colour bei[ig such as may be approved by iLe Cunipany* 
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ii ■pedGcntion ji intenileil to describe generally ibe engines, pumpa, 
) txMlerB n^quired, but is to be uuderslood that the contractor ib to pro- 
I and fix complete ever; kind of iron-work, steam-feed, condensed and 
later pipes, suction pipes, delivery pipea, foundation platea, vrashers, 
and boiler fittings, dampers, girders, floor plates, and apparatus of 
ijid Id the engine and boiler-house and weU, that arc required to 
ifl works complete iu every respect, and capable of performing the 
f required, although many of the details may not be specially describedi 
Uiii ipecificnlion. 

J] the work described in tlils specification is to be made with the bi 
rial! and vrorkmanship, and is in ail respects to be eu 
iral of the Company's engineirrs, and to their inspection at all timi 
\g the progress of the work. 

is to be understood that no earthwork, bricklayers' work, mas 
rlilders' work is included in this specification. This part of the 1 
'" be e;teeuled by the Walermorka Company 1 but the coutraelors 
Qgines shall, witbio one month of signing the conLract, su[)ply the Com- 
taiy's engineer with a detail working drawing, showing the entire engin 
sra, and pomp-work, together with the masonry and brickwork requii 
^be tbuadntlons anil bgiler eealiiiga, with Ihe positioa of all fouodatimt 
M »nd holding-down bolts clearly marked on. 

ers shall have full power to alter, vary, diminiali 
tie works, without in any way releasing the contractors from Ihe respi 
Ihnity and conditions allachcd to this contract ; any additions to or ( 
lootioDB from the amoitot of works included in this contract which m 
IB made by an order in writing by (he engineers shall be added or i 
Md from the amount of the contract according to the schedule of prii 
lebed. 
^The whole of these works are to be delivered, fixed, and set to work 

e mentioned on or before September 31), IBaG. 

L Payment to be made upon the certificate of the enpneers aa follows i 

t. of the contract amount immediately work to that value sh 

n been delivered upon the ground 1 an additional 30 percent, when t 

le of the work shall have been delivered ; a further instalment of 

when the engines shall have been started, uiid are working to t 

le balance by two equal instalments, one at the end of six months, a 
b other B( the end of twelve months from tbe period of starting the < 
I, and daring which period the cunlraclors will be responsihie for till 
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^jhutic^^onerMaker^jEd^tedbyD.K. Clark, C.E. 100 Illuitriliani.,^^1 
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WING MACHINERY: Its ConstracHon, History, Ac, 
nil Tecfanical Direclioni for AltjnsEing, Kc. By J. W. UaQUHAHT, C.E 
TECHANICAL ENGINEERING. Compriaine MeUllurgy, ' 
P theStsainEogioe, ic. Sy Francis Campik, C.E. as.M.i 
a^ETAILS OF MACHINERY. Comprising InsbTicHons for 

fasEttcndonofvarion.WorlHinlron. By Fa*i.gia Cami'IS.C.E. ".1 

\.fHE SMITHY AND FORGE; iucludiog the Fairier's j 

[; . CoaEh Smithine. By W. J. E. Ckakb. Illaitrated. a.6i.J 

IffHE SHEET-METAL WORKER'S GUIDE; a Practical Hand.1 

P book for Tinsinitlii, Copcersmiths. Ziucworkers. ftc. Wilb 94 ~ 

t Working Patlems. By W. J. E. Crasb. is. 6d. 

JkTEAM AND MACHINERY MANAGEMENT: wiUi Hinta " 

F on Conalruclion and Selectlan. By M. FqwtsBale, U.I.M.S. is. 6d.t 

W^E BOILERMAKER'S READY-RECKONER. With Ei- 

KuDpIes of Priclical Geometry and Templatiag. By Tohm Coukinhv. 

Filled by p. K. Cubk, M.Iiot.C.E. 4E., limp; 5s., hall^bouad. 

m.OCOMOTIVE ENGINB.DRIVING. A Practical Manual for 

PXnsfnecisincbaiEeaf LocoiDotiveEnEines. By Michael Rkyholds, M.S.B. 

I JSeyontb Edition. Ja. 6d., limp ; 4s. 6d. clolh boards. IJxsl pKbtishtd. 

WSTA TIONAR Y ENGINE-DRIVING. A Practical Manual for 



Y Bngineers in charge of SL 
^ -ni&d Edition. 3s. 6d. li 
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ByMlCUAEL RP.YHOLOS, M.S.E. 
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LONDON, 1862. 
THE PRIZE MEDAL, 

Wm awarded lo Ihc Publiihon of 

"WHALE'S SERIES." 
A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC,EDUCATIONAL, 
AND CLASSICAL. 




t^ " WEALE'S SERIES include? Teirt-Booki on almost every branch of 
"cience and Industry, comprising such subjects as Agriculture. Architecture 
■ ':■] Building. Civil Engineerine. Fine Arts. Mechanic? Iind Mechanical 
: iiijineetioB, Physical and Chemical Science, and many roiacellaneous 
■ ■■alises. Tlie whole are constantly nndergaing revision, uid new editions, 
iroiight up to the latest discoveries In scientific 
i^ued. The prices at which they are sold are us Ic 
*5sured." — Avurican Littraty Gasille. 

'• Amongst the literature of technical education, WbaLe'S SERIES has ever 
enjoyed a high reputation, and the additioGS being mads by Messrs. Crosby 
I-OCKWODD & Co. render the series even more complete, and bring the infor- 
'■1 ition upon the several subjects down lo the present time." — l^ining 
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■ Ii is not loo much to say that no boo 
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ever proved more popular 
others than the excellent 


■' The cicollence of Weale's Series 
*™uld be wasting our apace to eniarga 




so well appreciatfid, that it 


■' WEALE'S SERIES has become b. 
(lollection of treatises in all branches of a 


tands 


as well as an unrivalled 
leuee."— Public Opinion. 



PHILADELPHIA, 1876. 
THE PRIZE MEDAL 

slj Soeks: KsdinenUr;, Ecientiflo, 
"WEALE'S SERIES," ETC. 

CROSBY LOCKWOOD &. CO., 

7. stationers' hall court, LUDGXI-S. ttWA,, ■VKflU.WS^i 
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WEALBS KTlDIMENTAIty SERIES. 



N 



Architecture, Building, etc., (ontinutd. 

191. TBE TIMBER IMPORTER'S, TIMBER ^ 
and BUILDER'S STANDARO GOBDE. By Ri. 
Second Edi lias, Reviiea ji-t 

aab. A BOOK ON BUILDINO, Civil and EccUsiai 
Chuich RuTOEATioN. Witb t1i« Theory of Oom« andE 
Sr. B; Sir Kduuhd Becicett, But., LL.D., Q.C, P.R.A J 

3j6. the yOINTS MADE AND USED BY BUI 

Copmactitrn dF •luiaiii Vlndi of EngincsriTis and Aichit^ 
'WiviixJ.CHKisrv.Arcliitecl. With urwudioF 160 Enerai 

ss8. r//£ CONSTRUCTION OF ROOFS OF WOa 
Bj E. VJim«\a Tam, M.A., "ArchiWcl." Second EdiHa 

JJ9. ELEMENTARY bECORATION: as applied 
and Exterior D«contioaofDwelliDS-Hou<e). Ac BrjAU 
IJIuttiaUd »ith Silly-eight eiplaoatOry Engiavingi. u. 

330, HANDRAILING (A Practical Treatise on). Sh 

Simpla Mtthodi for fiadlnir the Pitch of the Plank, T ^^ 
Bcvdline.Joiotmg-op, and^Sonarine the Wrsath. B^ 
llluitiatid with Pbtei and Diagrami. 11. 6d. 

J47, BUILDING ES7ATES : s.'R.varae.-D.XATjTrea.^iiK 
ineDt.Sale.PurcliaUiimdGeneialMaiiaEemcDtof'' "" 
Ibe Formation of SltesU and Sewen. and the R 
Anlhorilio. Ky Fowt.er MAniAKD, Surveyor. II 

348. PORTLAND CEMENT FOR USERS. 
A DOC. H. Inst. C.E. Second Edition, conecUd. 

353. BRICKWORK: » PrflCtical Tteatise, erabodyi 
and Higher Prindplulof Bricklaying, Catling and Sc 
Walkik, Ceitific»ted by the Science md Ait Departmi 
itTuction. Solid Geonietry, lie. 11. 6d. 

asi.T/JE TIMBER MERCHANT'S, SAIV-MZK 
IMPORTER'S BHEIGHT-BOOK AND ASSISTANT 
AaDSON. With a Cbaptct on Spemlji of Saw-M 



SHIPBUILDING, NAVIGATION", M 
ENGINEERING, ETC. 

SI. NAVAL ARCHITECTURE. An Exposition of ( 

tionT'^rj" PBAKB.'^FffihEdilion, with Plan 

S3'. SHIPS FOR OCEAN AND RIVER SERVIC 

and Practical PrinciplHi of Iha Construction of. B« H. /™ 
Soneyor of the Rayal Nnmceian Navy. With an ApncDt 

S3'". AN ATLAS OF ENGRAVINGS to lUoaUate Oie 
large folding pistei. Royal 4ta, clolti. ji. Sd. 
S4. MASTING, MAST-MAKING, AND RIGGINt 
Rudimentary Trentiis on. Also Tables of Spira, Riggiat 
Wire, and Hemp RopM, ae., relaliTO to every class olveai 
Kirrisa, N.A. Tifteentti Edition. Illuitmted. a.t 
<,!,'. IRON SHIP.BUILDING. Wilii PracdMl E»ainp 
Ibr tho Uss of Ship Own«s and Ship Buil^eni. By Jdkh I 
■nltioE Eneineer and Nival Architect, jlh Edition, with I 
54". AN ATLAS OF FORTY PLATES to lUustr 
Fifth Edition. ,to, board., jSi,' 
SS- THE SAILOR'S SEA BOOK: a Rndimental 

Navigation. By 3xhiis Gh " ' ' ^ 

Coloured Plates, iitvr-' 



weale's rudimentary series. ^H 

building. Navigation, Marine Engineering, etc., cont. 
THE FORMS OF SHIPS A ND BOA TS : Hints. Eiperiment- 

allT DerivEd, dd some of the Prindulet ri^guTcHnE Sbipb undine:. V.7 W. 

Bund. SevEflth Edilian,reiiiiEd,wilbnuinFraiuI11ustradoiiiandMddal9.is.6d. 

NAVIGATION AND NAUTICAL ASTRONOMY, iaTheaty 

■adFiactico. B7 Prof. J. R. YousG. NewEdition. a. 6d. 
SNIPS' ANCHORS, ^TreiXise on. By G. Cotsbll, N. A. 13.64 
SAILS AND SAIL-MAKING, nn Elementary Treatise on. 

With UnLnghting, niid IbQ Centie of Effort of Ibe Ealli. Alio, We^gbti 
£lvnoth Edition. ByRDBEKTWtINO,NJ^.,SlliImak«. llluitraled. u'.'ed.t 

I3ZE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Pbactttal EKemEBB. Revised by D. 
t. H'Cabibv, late of tbD Oidnance Suimy Office, SajUt^plon. js. 

PRACTICAL NAVIGATION. Consisting of Tlie Sailor's 
Sea-Boob. Br Tamii GsEHNWoaD and W. H. Rossir. Toeetfaer witli 
"• ■■■'- Mathcniatical and Nauticil Tablti (or the Woikine of tSo 



iEMENT OF LAND, Sc. Bj A. Ar.ias. Second Edilior, rovistii 
stlEndeEl by C. Ndrris, Suiveyor, Valuer, &ir. aa. 
MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, Wichapproiimate FaluesafMU1stone!,MiI1wo[k,&c. 11. 
SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

-' intH Fahhino.) ByR.Scoir Rurh. n'aodcnt!. ai. 
FARMING &■ FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. j. Outlines oi'MODiKHFASMiBCl ByR.Sc011BuRH.3i. 
STOCK; CATTLE, SHEEP, AND NORSES. (Vol. 3. 

"— UNKS DP Mddkhn Farkinh.1 By R. Scott Bdrn. Woodciatj, is.ed, 
■DAIRY, FIGS, AND POULTRY, Management of the. By 

R.SconBuBN, With Notes on the Diseaioi of Slock. (Vol. 4- Outuhbs 

or UoDiRH Farming.) Woodduli. 11. 
UTILIZATION OF SEWAGE, IRRIGATION, AND 

RKCXAMATION OF WASTE LAND. (Vol. 5. Outunbs Of Modsrh 

FAwiraG.) By R. Scott BtmH. Woodcuts. as.Sj. 

MOBSKB Farmwo." fey Robibt Scott Burn'. Pricins. 
FRUIT TREES, The Scientific and Profitable Culture of. From 

tlieFrBnchotDu Bbkuil. Reviifd by Gko. Gukhv. I B7 Wood cub. ]s.6d.t 

SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Siwinbh, M.R,V.C„ &c. Fourth Edition, 
oiluccd, including Spedniens of New and ln;praved Broedt. 31. ed.t 

VTCHEN GARDENING MADS EASY. By George M. F. 

OUTLINES OF FARM MANAGEMENT, and the Organi- 

-^-•msfFamLahimr: Treating of the GcnEra) Work of Iba Fanof Field 
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S WEALX S RUDIHSNTUty SERIES. 

Agriculture, Gardening, etc., cantinued. 
S09, THE TREE PLANTER AND PLANT 

A Pijclkal Manual -on Ihc Propagalioo of ForoL ,_ 

FlowEring Shnilii, Flowering Plinti, fcc. By Samum. 

Jio. THE TREE PRJINER. A Practical Manual! 

Fruit Twes, indndiag alio thi^ir TraiDlne; ud Rcnovi 

oCSbrubi, Cllmbsn, andFIowarins PUnti. BySAH 

V ;Wi. KO &• >io in Oni Vol.. handsomely liaSf-touml. e.._ 

pLjiKTBit, Pbopaoator, ahd Pkumsb." Bj Siiiuit Woo 

Jl8. THE HAY AND STRAW MEASURER : R 

far [h> Uie of AucliDi,E>,T>, Taluert, FiRDBn, Haj 2T 

Bf JoHit Stibu. FaurCh EdilioD. n. 
JM. SUBURBAN FARMING. The Laying-onl ai 

Farmi, adapted to tbe Piodnce of Milk, BuH«t. md Cbi 

and Pigi. By Prof. JOHs DoNiUHOK and R. ScoTt Bm 
33 1. 

232. COTTAGE GARDENING : or, Flowera, Fniitft 

for Small Gardeoi. ByE. i' 
S33. GARDEN RECEIPTS. Edited by CHAXtKS V 
234. THE KITCHEN AND MARKET GARL 

by C. W. 5h*w. Editoi of " Gardening IllnitrfLted.- ^" 
239. DRAINING AND EMBANKING. A PracH 

bodyiog Ibc most rocEnt e.pEricnce in tho Applicatioo of! 
By JoHK SdoTT. lale Profeuor of Apiculture and Rur 
Kayal Agricultural CoUfeb, Cirencciter, Witb 68 UllW 

1^0. IRRIGATION AND WATER SUPPLY. A3 
Meidowi, Sewage Irrlzation, Warping, &c, ; on tbs Cm 
Ponds, and RosBrroirs; and On RaisirgWjler by M ^ 
CuraludDometticPurpoies. fiy Prof. John Scott. 

341, FARM ROADS, FENCES, AND GATE!. 
T«ali«> DO the Roafls, Ttamway., and Wsb 
Prindiples of Encloiuru; and ttrn different kin 
Stilei. By Profiinor JOHK SCOIT. Willi JS lllu 

141. FARM BUILDINGS. A Praclicil Treatise C 

necessary for various kinds of Farms, their A— ■ 

including Plans and Eitinialei. ByPloLJon 

343. BARN IMPLEMENTS AND MACHINEi. 

Trsaliie OB the Application of Power to Ibe OpecatiM 

D^^ io, By'ft-orjrScm.'wiS'ij" Illusttation^ 
S44. FIELD IMPLEMENTS AND MACHINES 

Scoii. ''Wirh\ja'lllusttati™s.'"js!" *° 
345. AGRICULTURAL SURVEYING. A Prad 
Land Surteying, Leidling. and Selling-onl: and on 1 
mating Quanliiies, Weighu. and Values of Malerinli, : 
By Ptof.JOHB Scott. With 61 Illuitrations. ii.f 
\dsomeIyhalf'bimHd.ti 



-»' i^os. »J9 ic 3(5 fH *yn* yet., aanaifrmety /tair'Ooutff. . 
TixT-Booic 01 Fakh Ehciniiiiihs." Bf FioCatotJc 
ISO. MEAT PRODUCTION A Manual for Prodna 

Bic. By JoHW Ew*a.T. m.Ma 

•^ TittindKaltilliol i).««wli,tnaj(»Koiiti 



WEALKS RtmiMENTARY SERIES. 9 

MATHEMATICS, ARITHMETIC, ETC. 

VHEMATICAL INSTRUMENTS, a Treatise on; in which 
CcBstruclion and the MutfaodB df Toting, Adjoslmr, and niloElbem 
snciicly Eipl^ned. % J. F. Hbaih.b, k.A., of io Koyal nfiUouj 
jemr, WoDlvlch. Origin^ Edi Hon, in i vol.. lllaslrated. ii.6d. 
mg/heabon,6tcaTtfitiiosay, " Orisinai Edition^' {No, 3>), iodiiliit' 
iiU il/riHH ikt EBlarsed Bdilirm in j veil. {Noi. iM-g-jo.) 
DESCRIPTIVE GEOMETRY, an Eleraentaiy Treatise on; 
irith a Tbeoiy of Shsdowi and of rcrspccttrs, utracted haa the FrcDcb of 
G. MoNdll. To whicb ii added, a deseription of the Frineiplei and Pracdee 
of IjoraetricaJ Projection. By J. F, Hsathhh, M.A. With i4PIate>. 21. 
PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes ofConstnicling Figure) contained in one Plane andGe— — =~' "— 

■ • ~ 1. Ijj. F, ■• -- ■ 

yOiT-Iiri 
uiQconnB ID ji.Dfjr9D, Freodi, Italian, ana merman, ay jahes xiADiKiif, 
U Jl., AHlhmetical Master of K^e'i College School, London. II. «d. 
, ARITHMETIC, a Rudimentary Treatise on r with full Eiplana- 

'^ tioni of iU Theoretical Principles, and nomerous Eiamptes fbc Practice. Bj 
ProfeHor J.R. YotJNO. Tenti Edition, conected. «. 6d, 
lA Kbv to the above, contaiaing Solntions in full to the Eierciui, toEethei 
■ - -liplanation^ and Improved Processes, for the Use of 

■lijted Learners. Byj^R. Yoono. 11. 6d. 
.fiei7.^770A'^i^J!7rffjWS 77c; applied to Questions of Interest, 
AnnuitiH. Life Aisoiauce, and General Commerce; with various Tahlei b; 
which all Calculations may be greatly facilitated. By W. HiPSLBT. 15. 

. ALGEBRA, the Elements of. By Tames Haddon, M.A. 
With Appecdii, containing miscellaneous Investiealions, and a Collection 
of Prohlemi in various parts of Algebra, ss. 
A KJ!I and Companion to the abova Book, forming an eitensivo repository of 
Salved Eiamijies and Problems in Illustration of the various Eipedients 

EUCLID, THEELBMENTSoy: with many additional Propositions 

ud Eiplsnatoi:/ Notes: to which is prefiied, an Introductory £s,ay on 

Logic. ByKBNBV Law,C.E. is.ed.t 

■," Seldaho uparateiy, vb. .■— 

Euclid, The ^rtt Three Books. By Hinrv Law, C.E. is. 6d. 

EccuD, Books 4, J, e, ir, IS. By Henry Law, C.E. 19. 6d. 
ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By jAM»s Hann. a New Edition, by Professor J. R. Young, is.% 
PLANE TRIGONOMETRY, the Elements of. By James 

Hakh, formerly Mathematical Master of King's College, London, is. 6d. 
SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hash. Revised by Chariks H. Dowltnh, C.E.__ is. 

MENSURATION AND MEASURING. ' Wilh the Mensuration 

and Levolling of Land for the Purposes of Modern Engineering. By T. 
Bakbb, C.E. NewEdlHonbyE. NucBNT, C.E. Uluslrated. is.M, 
DIFFERENTIAL CALCULUS, Elements of the. By W, S. B, 

WOOLHOUSH, F.R.A.E,,«k. is. 6d. 

INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

EsuBRSHAH Coi, E.A. Illustrated. 11. 
MNEMONICAL LESSONS. — Ghometrv, Algebra, and 

TuooNOKBTBr, in EaiT Mnemonical Lesions. By the Rev. Thovas 

PlHyWOTOB KlBKMAs, M.A. IS. 6d. 

ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. ByjAHssHADDON, M.A. Revised by A. Abiiah. is. 6d. 



7, STAVONtRS' HAIi COUR.T, LUOGXTlt aiU-. ■«~C 
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ifoE— I. Initrumenti Used tdr , 

inionol Ground. 11. ImlnunHiU Employei 

B/J. F. HHAntBK, MA. Eluitiated. : 

vluma ferm sn tn/arrti'ltKi af tit jtutiar 
•sinniiHis." iSiilfo.ifl mike Stria.) 
.s MATHEMATICAL INSTRmtENTS. By T. 
ifii.i MJV. Enlarged EditiOD.fDitbe molt partentircly're-wntts 
I7D.J itlovo, in OnD thick Volume. With nomeroDi niiulrstioni. . 

158. THE SUDS RULE, AND HOW TO USE I. 

full, ea!y. and simnio InslniitioBi to p-rfn™ =11 Ri„i>.— . ■ 
iEnE-ii»ni})lud raplcutr and accurw^. 

196. THEOrV' of" COMPOUND INTEREST A. 
TIBS: wiaTabloiof Loearilhini ' ' ' 



By Chab 



37 the moTB Difficdl 



- oont, AnnnitiEi, aq. By Fe__ „ ,. 

199. THE COMPENDIOUS CALCULATOR ; or, Ea 
Matfaodi of Perfoming tba various Arilbmelical Onerai 
ComiDDCcial and Busbisa TianiactioTii ; tosetliflT nich Ut 
D. O'Gobmah, Twentj-sliCli Edition, cudull; nvised bi 
cloth liinp ; js. bi., ttronglv hutf-boimd in leathsr. 

xoi,. MATHEMATICAL TABLES,ioxTTiffiaxixatixi<:3X. 



l1 C^cu] 



a Tnat!n 



B; Hhhiiv llAW, C.E. Tngelhn witb a Serin of Tablr 
ind Nautical Astrononiy. ByProf.J. R-YouHO. NewEdi 

D4». LOGARITHMS. "With Malheraatical Tables for T 
A>t<cDoiiucal,sDdKa.uticalCalca1ationi. By Henry Litw,] 
BadReiisedEdilion. (FomiiiiKruirtoftheabovaWark). II. 

Mr. MEASURES, WEIGHTS, AND MONEYS C 
riot's, and an Analysis of the CtiriiCiao, Hcbnw, 
Calendar!. By W. S. B. WooiHousi. F.EJl.S., F.S.S. S 

M7. MATHEMATICS AS APPLIED TO THE 
TIVEARTS. liluitralinBthBvafiDiiiprocMjB '"' ■■ 
f Arilbmetical and Simple A 
, ByFaANc: " 



fwScal 



□d SJEnplo Alsebraica 
iMPiN, C.E. Sscond J 



PHYSICAL SCIENCE, NATURAL 
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WEALE'S RDBIMEMTARY SERIES. 



Physical Science, Natural Philosophy, etc., conlimied. 
II. THE ELECTRIC TELEGRAPH ; iw History and Progress; 
wHLDwniplioiHofionieoHLeAppatatm. ByR. Sabinii, C.E., F.S.A. jt. 
■z. PNEUMATICS, for the Use of Eesinners. By Chaslm 

TOMUNSDH. Illustrated. II. «d. 

72. MANUAL OF THE MOLLUSCA ; a. Treatise on Recent and 
Fouil Shelli. By Dr. S. P. WnoDWARD, AX.S. Fourtli Edition. With 
Apptnilii by Ralph T*t«, A.L.5,, F.G.S. With nuinotous Pl»t« and joo 
■WpDdcuts. 6s, 6d. aolb board., js. 6d. 

96. ASTRONOMY. By the late Rev. RoBEar Main, M.A. llurd 

EdiliDB, br WiLLiAii TuyBHi Lynn, BjV., F.Rji.S. ai. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

Cfnl7al'TotcM. "ej- t! Baksr^*^. .s.m"' '"' « iKiaaa,vi 

138. TELEGRAPH, Handbook of the; a Guide to ICnndidates for 

Emplovrasnl in the Teloeraph Sfliirice. By 14. Bono. Foi.nh Edition, 

iDclnding pufitioQi on MsEHCtiini, Etectricin, and Practical Tclegrapliy, 

bj W. McGhegoh. i%X 
V\l. PHYSICAL GEOLOGY, partly based on Major-Geoeral Pobt- 

lock's "RndhnentaofGEQloiT." DykALFHTAii. A.L.S.,Se, WoodcnU. is. 
'?4. HISTORICAL GEOLOGY, partly based on MajOfGeneral 

PDSiLoCK's''RudiioeDts." B7 Ralph Tati, A.L.5.,ac. Wooflcuts. «, 6d, 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& HiitoHcal. Partly based on Uaior-GmFral Pouilock's " RudimDDU d[ 
i;<. Geolagy." B7 Ralph Tatb, A.L.S., E.G.S., Sc. In Ono Volume. 4s-6it 
183 ANIMAL PHYSICS, YlxathQo)iioi. By Dr. Lasdnbh, D.C.L., 
K, (nr™-i.l= Pmi™:nr ot Natuisl Phllosopby and Astionomy ia University 
"-''- 'lollIiulratiDiu, Id One Vol. 7a. 6d., clotb boatdi. 



- „. By Dr. L*RDNE>. Part 1., Chaptsij I.— VII. ^%. 

Ja^. Animal PuTsics. By Dr. Lahdseb. Part II., CDapWn Vni.-XVlII. 31. 

■ FINE ARTS. 

Wb. PERSPECTIVE FOR BEGINNERS. Adapted to Youde 

^m GLASS STAINING, AND THE ART OF PAINTING ON 
^H GLASS. From tbo Gt^TTDdDDl Dr. GiasiiRTaiidEHANUEL OiTO Froh- 
^P BIRO. Wltban AppendiiQnTiiBARTDFEMAUELUHO. ss. 6d. 

^K MUSIC, A Rudimentary and Practical Treatise on. With 

Jl. PIANOFORTE, The Art of Playing the. With numerous Exer- 

'i^'lt. MUSIC tD- THE PIANOFORTE. In one vol. Half bound, js. 

I8l. FAINTING POPULARLY EXPLAINED, includine Fresco, 

Oil, Mosaic, Water Colour, Water-GIass, Tempera, fincanstic, Minialnte, 

Painting on Ivory, Vellum, Poltery, Enamel, Class, fie. With Historical 

Skttclio of Ibe Progress at tbe Art by Thomas John G n.L[CK, auiited by 

John TiMBS, F,S JV. Fifth Edition, revised and enlarged, si4 

186. A GRAMMAR OF COLOURING, applied to Decorative 

E. Painting and the Arti. by UiDRaii Fiild. New Edilion. enlaried anil 

L adaptMrtotbeUseoflheOmamenta^Painterand Designer. By Ellis A. 



L A DICTIONARY OF PAINTERS, AND HANDBOOK FQR 
PICTURE AMATEURS i inrloding Melhads of Painline. Cleioing, Re- 
-' - and Restoring, Schoall of Painting. Kc. With Notes on the Copyist! 
liMiors of each Master. By Philicpb Uab.\l. n.Sd.t 



Twji te Add stroK^y hwmi. at ^. txtrifc. 



7, SrATIOMERS* HAIi COURT, MSOf^KO. BilA-, 1 



INDUSTRIAL AND USEFUL ARTS. 
13. BRICKS AND TILES, Rudimentary Treatise on the Mannfee- 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Tteatite 

Jon. BjrSi[EDHnNBBn:KHTT,LX.D.,Q.C. Setpnlli EdiaQn.iCTJjediiidai- 
3-«, CO^STRUCTTSh^'oFDOOli' LOCKS. Compiled torn th 
Paj>enofA.C.HoBBS,anfl Edited by Charuis Tqmubbo-, HSlS. TuL 
AdditioMbyRoBEKT MAU.BT, MJ.CX. Ului. ». 6d. 
(6i. THS BRASS FOUNDER'S MANUAL; Inalrncliaa! tot 
: 



J05. tHE''!iiRf OP lS'tTEr"?AINTiJg JfADE^EAS^^Bj 
J. G.BADBiiecu. lltutralednitliiifull-paEEEneravineiDfeuinplei. n. 
ilj. THE GOLDSMITHS HANDBOOK. containinE fuU ImttK- 



I 



liomforlhcAlloyineand WortinsafCiold. BvGsqhgbE.Geb. «.l 
H. COACH BUILDING, A Practical Treatise, Hisloricil u 

DiBcriplivo. ByJ. W. BirRoti), «. M.t 
lie. THE SILVERSMITHS HANDBOOK, cootaininc Ml Id- 

ilnictionifoitbeAllDtH'ieiiidWarkinEDfSilver, By GsoBr.s E. Gn. lU 
335. PRACTICAL ORGAN BUILDING. By W. E. Diceson, 



MISCELLANEOUS VOLUMES, 
36. A DICTIONARY OF TERMS used in ARCHITECTORE. 



w. THE LAW OF CONTRACTS FOR WORKS AND SSS- 
y/CeS. B; David Gibdons. Tbhi Edilian, eDlargcd. ji.t 

111. MANUAL OF DOMESTIC MEDICINE. By R. GooDnrt, 

R.A,, U.D. Intended u x Fa.niily Guide in all Casei of Acddttt ill 

Its*. MANAGEMENT OF HEALTH. A. Manual ot Home mJ 
Fsisana) HyglEie. By.lhs Rut. James Baird, B.A. it. 
ijo. ZOff/C, Pure and Applied. By S. H. Emukns. is. 6d. 
i%l. SELECTIONS FROM LOCKE'S ESSAYS ON TSS 

HUMAN VNDBRSTANDIlfG. With Noleiby S. H. Emmsm. b. 
IS4. GENERAL HINTS TO EMIGRANTS. Notices of the variois 

Fields far Emigralioi. Hints nn Outfits, Useful Rrcipei. be. Is. 

IS7. THE EMIGRANTS GUIDE TO NATAL. By RonKI 
Jahm Mans, F.R.A.S., F.H.S. Second EditioD. Map. Ji. 

193, HANDBOOK OF FIELD FORTIFICATION, intended forfllt 

Guidance nf Officen PiepsriTiE for ProniDtiun, Br Miijor W. V. 
Knolltb, F.R.G.S. With 163 Woodeoti. 314. 

194. THE HOUSE MANAGER: Being a Guide to HousekeepUE. 

Prai:til:al CaokerT, Pidkling jmd Frciervini:, HauseboM Wnrk, D^ 
Manaeenenl, the Table anf Douert, CelluraBo o( Win«, Homa-UuM 
and Wine-mskin;, the Doudolr and Dreiiii.>K-ronm, Travelling Sl^ 

194. house' BOOK {The). Comprising :~I. Trb House HanaOU, 

1 12. Bv an Oi.n Fousikibfbr, 11. Houbstic Ubdicine. By Ralfh Goauns, 
g, M.D. III. M..T<«r.BHKNT OF Hbalih. By Jaitm BArBD. JbOdsViJ™ 
~ Krnngly haK-bound, 6». 
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WEALDS BD0CAT1OHAI. AND CLASSICAL SERIES. 13 

pUCATIOjr AL AND CLASS ICAL SERIES. 

HISTORY. 

b England, Outlines of the History of; more especially with 
'^ afttmcB 10 Ihe OrrcJn and Piobthh of tlio Englisli Conslilution, By 

■WiiiiAM DouoLAS HiMiLTDN, B.B.A., of Her M.jeUy'i Public Recoil 

OEGn. Ith Edicioo, revised, jl : dotii bonrdi, tt. 
L Greeca, Outlines o( the History of; in conncctioD willi (lie 
"^ Kile of the Arts and Civiliiatiqn in Europo. By W. DouGLAi HiMiLToB, 
_, of Univenity Colleee, London, and Edwabd Lhvuk, M^., of Ballio! 

■ Colleei, Oiford. n. 6d.; clolb Wrds.js.M. 

vBonie. Outlines of the History of: from the Earliest Period 
^ U tbe Chiiitian Era and the Commencement of the DecUns of the Empire. 
J BjEowARD Lbvieh, of Balliol Collego, Oiford. Hap,n.6d.: d.bdi.ji.M. 

■Chronology of History, Art, Literature, and Progress, 

■ bam the Cnatien oflhe Woild to the ConelDsieii of Ibe Fianca-German War. 

■ Ibe ConUnnation by W. D. Hamilton. F.S.A. ji. : clotb boards. 31. 6d. 
■Dates and Events In English History, for tbe use of 
^ "zndidateiiaFublicandlVrateEiiimmationi. By tlw S«. E. Ranp. ». 



GLISH LANGUAGE AND MISCELLANEOUS. 
' II. Grammar of the English Tongue, Spalien and Written. 

With an Introdaclion to the Study of Corapaiativo Philology. By HiDI 
CuiBRg, D.C.L. Fogrth Edition. I.. 6d. 
■ l*. Philology: HandhoQk of iheComparative Philology ofEnElish, 
Anelo-Saion, Frisian, Flcmi>h or Dutch, Low or Piatt Dnlch, High Dutch 
or Gennan, Dani<h,Swedisb, loelandie, Latin, Italian, French, SpaDiib, and 
PortopiMO Tonguei. By Hvua Clakkb, D.C.L. n, 

■2. Dictionary of the English Language) as Spoken and 

Written. ContainiiiB above 100,000 Wordt. Hy lIvDI CrjaKB, D.C.L. 
ji.M.i doth boards, 4s.6d.i complelewith the GnAwMAR, doih bdi., «.6d. 

48. Composition and Punctuation, familiarly Explained for 

those irho bave neglected the Study of Grammar, By JuiTIH Bbenan. 
17 Ih Edition. i!.6d. 

49. Derivative Spelling-Book! GivingllieOriginDrEvery'Word 

from Ihe Greek, Latin, Saaon, German, Teolonic, Dutch, Fienth, Spani.h, 
and other Languages i with their [..went Acceptation and rronuncialion, 
ByJ. RowBOTHAu, F.Rjl.S. Improved Edli-"n. ia.6d. 

ii. The Art of Extempore Speaklni; . Hinta for tie Pnlpit, Ihe 
Senate, and the liar. By M. Bautais, Ti. .- General aofl Professor at Ihs 
Sorbonne. Tianslati^d from the French. 7t'> 1. 1. Limn, carefully conected, 2s.6d. 

S*. Mlnine and Quarrying, with the Sciencei connecled [here- 
with, rtrst Book of, for Schools. By J. H. COLL.Kl, F.G.S.. Leclnret to 
theMineri'AMociaiionofCorriHallanfDevDn. 11. - 

S3. Places and Facts in Political and Physical Geography, 

for Candidate! in Eiaminations. Bv the Rev. EnoAa Rahd. B.A. is. 
I4- Analytical Chemistry, Qualitative and QHanliUtive, a Course 
of. Towliichiipirfiaed,«BriefTrealiMnpnnModeni Chemical Nomencla- 
lure and Notation. By Wh. W. PlBK and Geobcb E. Weosteh. >s. 

~ftE SCHOOL MANAGERS' SERIES OF READING 
t, BOOKS, 

"Wtodbytho Rov.A.R. Grant, Reclor of Hilcham, and Honoraiy Canon of Ely ; 



LastoNi rnoM the Biblb. Part I. Old Testament, ii. 

Lass'iKS FaoB the Hio«. Part II. New Trsianient, to which u 
The Gboobaphv 05 the Bible, for vm joutie CVAiVm. fti 1 
THoam-OH FOHBiBB. H. »d. ■.'Orft.Bl^o'ga.rts'^iO™'^''- 

r, STATlOSaa' HALL COURT) lAIDGKSS Bi\A«/ 



1 



GERMAN. 

39. German Grammar. Adapted for English S 

Ucvso'a TlifocPtical and Practical Giaminar, by Dt. G. L. ! 

40. Gerrosn Reader; ASeries of Eitracls, carefnllyi 

mait ipproved Autliou of Germany] wilh Notes, PhUoi 
planatoij. HyG. L. STUAnss, Ph.D. 11. 

41-43. German Triglot Dictionary. ByN. E, S. i 

■mm-F™tli?' Part nr. Fr™b-GB^" n-EiIitJiiji.' 3... or 
41-43 German Triglot Dictionary (as ibove), logelhe 
& 39, Grammar (No. jiji, in Oda Volume, tlolh boards, ji. 

ITALIAN. 
37. Italian Grammar, an-anged in Twenty Lessons, 

j8. Italian Triglot Dictionary, wherein the Gen 

Italian and TrFnch Noun! are carefully noLisd iowa. 8t 
Vol.1. Italian-En glish-Fredch. a«.6d. 

30. Italian Triglot Dictionary. By A. Elw 

Engliab-Franch-Italian. II. 63. 

32. Italian Triglot Dictionary. By Alfred Ei 

French- llalian-Englah. IS. M. 

18,30, Italian Triglot Dictionary (as above). In On 



35- Spanish-Knglish and English- Spanish 

lIldudi^Ea1a^EenIlInbl'T0fr<^cIlmca1Tecnu1IIedinMlniIlE,: 

with the propnr Accents and tbo Gender of everr Noun. &; 

«. ; clolt boirdi, is. V Oi with the Gbammar, doth bm 

55. Portuguese Grammar, in a Simple and Pr 
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weaie's educational and classical series. 



LATIM. 

19. Latin Grammar. Containina the Inflections and Eletnentarv 



M. T:nglish-I.atiQ Dictionary; together with an Appendix of 
French and Ilalian Words which have Ihsir oriain from Ibo Latin. By tke 
Rev. Thomas Gdoowis, M.A. is. M. 
a,!!. Latin Dictionary {as above). Complete in One Vol., 3s. 6d. 
cloth boaids, 49. U. V Or with tha Gkaumab, clolh boardi. ji. «d. . 
LATIN CLASSICS. With Eiplanatoty Notes in English. 
I. Latin Delectus. Conlainlng Eiliacls from Classical Authore, 
with GencHlogical Vocabolatie! and Eiplanalory Notes, by H. Young, h. 6d. 
1. Ciesaris Comnientarii de BelloGallico. Nates, and a Geographical 
Reeister for Ihs Cm oi Schuol!, by H. Yoono. ii. 

3. Cornelius Nepoa. With Notes. ByH. Toong. is. 

4. Virgllll Matonis Bucolica et Geotgica. With Notes on (he Bnco- 

lici uy W. KtiSHTQN, M.&., ud on Ibe tieorgici by H. Youhq. ii. Gd. 
J. Vlrgilit Maronis .^nds. With Notes, Critical and Eiplanatoiy, 
by U. YouKG. New Edition, revised and improied With capions Addi- 
tional Notet by Rev. X. U. L, LKUtr, D.C.L., formerljScbolarof Bruenoie 



6. Horace i Odes, Kpode, and Carmen Sieculare. Notes by H. 

7. Horace; Satires, Epistles, and Ais Poelica. Notes bj-W. Brown- 

Rtoa SmiH, MJ,, F.R.G.S. is.Sd. 

8. Sallustli Crispi Catalina et Bellum Jogurlhinum. Notes, Critical 

aod blplanalory.byW. M. DoNNS, BA.iTrin. CDlL.Cani. is.6d. 

9. Terenlil Andria et Heautontimonimenos. With Notes, Critical 

and Eiplanatnrr, By the Rnv. James Davibs. M.A. is, 6d. 
10. Terentll Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Eiplanaloiy, by the Rev. JAuis Davibs, UJl. a. 
■ 1. Terentii Euonchus, Comcedia. Notes, by Rev. J. Davibs, M.A. 

•1. Ciceronis OtiHo pro Seilo Rosdo Amerino. Edited, with an 



'3. Ciceronis Orationes in Catilinam, Verrem, et pro Archia, 

With Intmdnction, Analysis, and Hates, EiplanalDry and Critical, by Rev. 
■1'. H. L. Lbabv, D.C.L. iotmetly Scholac ol JirasEnosa College, Oifbrd. 
ls.6d. 

'(. Ciceronis Cato Major, Ladius, Brutns.sivc de Senectnle, de Ami- 
ctiia, de Claris Orateiitiiis Dialogi. Witb Notes by W. ERawnaiGa Smith, 
M,A„ F.R.G.S. II. 

'6. Livy ! History of Rome. Notes by H. Young and W. B. Smith, 



'9. Latin Verse Selections, liom Catullus, Tibnilas, Pcoperiios, 

and Ovid. Notaiby W.B. Do^N■, M.A., Trinity Collage, Cambridge, u. 
So. Latin Prosu Selections, (torn Varro, Columella, Vitnivins, 

Ken«a. OuinliliiD, Flora,. Velleia. Pat.rcnlns, Valerini Maiimui Saeto. 

nius.Apuieini, be. Nolu by W. B. Donnb, M.A. u. 
ti. Juvenalls Saline. With Prolegomeni and Notes b^T. H.S. 

jSscOTT, B.A., Leelurer on Logic at King'i Co\lBe*. S-onaoo. '" 



/, stationers' hall court, LUOGfL-It »1U.> "i 



1 



N<lt» llDd A 



B improved 1D(1 inlarged Supplemenlaj* \ 
,A., o[ tbB Hiih Schoal. GIueow, is. Cd 
3 Anaiasis; or, The Retreat of th 






— J, Book! 

. Luclan's Select Dialogues. The Text cure) 

Giammalical and Eiplualoi? Notei, by H. YotTHS, ii 
. Homer, The Works of. Accoiding to the Teit 

Wilh Nptei, Critical nod Ei^palorr.. dnwn from 



D.C.L. 



. Booki 



. Plato's Dialogues: The Apology of Socratc 
the Phxdo. FiDin the Tnt of C. F. Hbkhahr. Edited 
and B>p]3DalDr3vby tba Rot. James Davib^. M.A. h. 

?. Herodotus, The History of, chiefly after the Tt 

Etplai-ato^bt*?. H.'lTlbab*, M_V.. D.C.L.' 

Parti, fiookii., ii. <TheChiiandEDtenKi),n. 

Part 1. Boalu ill., iv. (Tbo ITialia and Uelponene 

Part J. rioi.lisv.-irii.(TliBTBFpsichorB, Erato, and 

Part 4. Booki viii., ii. ITbe Urania and Calllopnt 

1. Sophocles: CEdipns Tyrannns. Notes by H..Y 

I. Sophocles 1 Anbgone. From the Tcjtt of Dl 

CrilicalandE.planalDiy, bytliERev.JoHS Mrutu, B. 

13. Euripides: Hecuba and Medea. Chiefly from 

Dom. Wilh Note., Critical and Eipianatory, by W. 

MJi.,V.R,G.S. ii.M. 

16. Kurlpidesi AJceslis. Chiefly from the Teit of . 

NdIm, Critical uid EiplanatoiT, by Johii_Miuc», B.A. 



CATALOGUE OF BOOKS 

NGINEERING, MECHANICS. ARCHITEOTURE, 
CAHPENTRY. MINING, NAVAL ARCHITECTURE. 
^SCIENCE. MATHEMATICS, THE INDUSTRIAL ARTS, 
MANUFACTURES, AGRICULTURE, GARDENING, ' , 
ESTATE MANAGEMENT, &o. | 
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CIVIL ENGINEERING, SURVEYING, etc. 



he Water Supply of Cities and Towns. 

( A COMPREHENSIVE TREATISE bh the WATER-SUPPLY 

\ OF CITIES AND TOWNS. By Williau HituaiB, A-M. Idii. C.E., snd 

* H. loBt, M.E., Autbor of " Casi itcd Wroughl lion Bridge Construcliaa," 

Ac, tcB. IHuslraled wilb so Double FJales, i Single Plata, Coloured 

Froniismeee and upwards of 150 Woodculs. and coouinine 400 piges of 

Teil Imp 4to, feGi elegantlT and substauifallf balC-boDadin norocco, 

Listo/ Cimlim 



I ^W TAblq'of'RKtat at EupiJrVV^cU^ 



tat and Wrought Iron Bridge Construction. 

I A COMPLETE AND PRACTICAL TREATISE ON CAST 
f ASD WROUGHT IRON BRIDGE CONSTRUCTION. indudiHg trim 
Foimdatnns. InThrfte Parts— Theoretical, P '—' —■ ' " '—'— "- 
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CROSBY LOCA-ll'O OU &■ CO.'S CATALOGUE. 

itUMBBR'S GREAT WORK ON MODERN ENQINEEi 

CoiDDlelc ia Fonr VotumES, imTxiriil ilo, pnce (it tu., half-mo 
* Volume sol J$eparBt=ly u fcHows :— 

IjI record of the progress of modern engineer- 

~rK5i Skhies. Comprising Civil, Mechanical, Marine, Hldniilir. 
........J. Bridge, and olhBr Eoeineerine Works. *c. By Wittmc Hunnii, 

A-M. inEl, C.E., an. Imp. 410, with. 36 Double Plates, drawn 10 a large xilr, 
PbatcKTaphJE Portislt ol John Hawksbaw, C.E.. F.R.S., &c., and CDpiaiU 
■'-' — '■"•'•m LeIMiprcss, Specificalians, &c.. £3 31. half-morocoo. 
Lilt of Ike Plala and Diagmmi. 

"'aR™i^"c''i'i'E^l'?!w^H"« 1 ^'h^B (*^i" ^^SI AuS"^ ^S 
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^tlUMBEK'S RECORD OF MOnERN ENGINEERING. Second 
p. 4I0, »ilk 3fi Double Plates, Pholoerani 
c:e., M.P., F.K.S.. *c., aod copious di 
B| &o., £] ji. half-nuinicca. 

I.iil a/ Iftf Plalcs and Diagrams. 



::riptive Leltopn», 



I Herl^, Viedwar, utd Aberevrsaj Kll' 

vtt: CaB^ iVnod Viaduct. Cm^^itjl ■ 

WIJ! Dutjb^ Winter Palace Roof liBU» ■ 

SndtreoYei IliD ThsmD. L.Cbl3^UM , . 

1 KSfUio), Alb.RHa<t.cur,Ci«i.<>cknA»Z. •. 



HUMBER'S RECORD OF MODERN ENGINEERING. Thbib 
SiHiEs. Imp. iio, wiib 40 Double Plates, Pholographic Ponraii ofj.ll. 
M-Clean, Esq., late Pres. Inet. C.E., and copioua descriniive Lcinnna 
Epedfication), ftc, £3 31, balF-moracco. 



ti^.d^h^,.^^^^^ 



battull S«m. TumbU^'Ba^^ Quel 



taiiiH. PbM and Sections ; KuIE^SK 
icHctnipcilllaiiBoiuilva obS^Mi.UiSR 



HUMBER'S RECORD OF MODERN ENGINEERING. Fonita 
StBiKi. Joip. ^4lo,wiih 36 Dooble Platea, Pholographic Fortraii of johj 




fonometrieal Survei/inff. 

N OUTLINE OF THE METHOD OF CONDUCTING A 
KIGONOMBTRICAL SUSITEY. for Ikt Fotmalim o] GufgrapMcai ami 
nfiierat1<iaii Mapi and Plans. Military Brenniiahianct, Lcccitine, &c., wiiii 
[■c£l Problems. Facpuln, and Tables. By Lleut.-Gensral Fsdhs. R.H. 

<, R.E?"'wiIh"9 Plfllea and 115 Wqodcun!°ojal Svo, 161'. cloth. 



CIVIL ENGINEERING. SURVEYING. , 
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gue Bridges. 

PRA CTICA LAND THEORETIC A L ESSA Y ON OBLIQ UE 
UDGES. Wilh ij large Plalc!. By the lals George Watios Buck, 
l.C-S. Third Ediiion, revised by his Son, J, H. Watson Bitck, M.I.CE,; 
dwithtboaddilion of Description 10 DIasrama for Faeililatine the Coa 
if ObLqae Bridges, by W. H.Bablow.MXC.E. Roral B' 




8tren0h of Materials, enlarged. 
TREATISE ON THE STRENGTH OF MATERIALSic 
_ilh RulM for ApplicBlinn in Arohiteclure, ibE C 
Iridgas. Railways. So. By Peter Baklow, F.R.S 
J his S0D3, p. W. BARtow, F.R.S.. and W. H. i 
« .ri.l»l Htpcrimprifs bv ) I nnr. u ru an « F.ii>n> 

rMTlnst. CE. 



:s by IIODC.K 
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Survey Praetiee, ' ' 



AID TO SURVEY PRACTICE, for Ri/ennci i« Surveyitig.Uvrl. 

iM.Selluig-OMlaadin Reuli Survri-i bJ TmviKen by Landau-' "-' 
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LeveUtng. 

A TREATISE ON THE PRINCIPLES AND PRACTJCEOF 
LEVELLIKG. Sbowing ill Applicalioa to purposes of RaUna;^ ~~ 
Ewineering. in ths ConsUuclion ot Roadi; with Mi.TBt.i'OBij-sRulei 
ome. BTP>BDiaiclW.Sl>iHS.F.G.S.,M.ln<t.C.E. Sevenlh Edilit 
tbfl additionar Law's Pnicllca] Eiampln for SellintDDI F " 
TiuDTWiBE's Fluid Praedco of Lbv&ib-oui Cirr--'~ '- — 
and ntunsroiu WDOdcuis, Svo, tt. M. dolh. 

litnneUing, 

PSACTICAL TUNNELLING. Eiplaiobg in detail the SeKing- 

ool of ihfl works, Sh«tl-sinliinj(ind Heading-driving, BMjging ihe ' 

LeieJLioi undorgtonnd, Sub-Etcavsling, Timberine. and Ibe C 

of Ihe Bncknork ol Tunasli. witb the amonnl of Labour required for, amliM 
Com of, the various ponions of (be »otli. By Fhedehich W, Stmhs. F.G^, 
M. Insi, C.E. TtitS Bdiliwii Revised spd Eilf n4mi by D. Kihhbhii Ci«ii^ 

U. iDit.C.E, Imp. Bvo,wi(hii "-'•■■— ^ — ' ...-.= 

Inti, ]oi. cloth. 

" IE bA$ bseQ EVfftnlacI rndci Ihe lir« u ■ lul-baok dT Iha biblect. . . . . Ur. Uirk kd 
addvd ImmtuiKlj Ic Ihv "Iuh of ihe baok,"—ifMe^iuer, 

" Th* ■ddlHooBl iJiipUii liT Ur. Quit. ciwlBlalDff d1 Elir? do qmoHvui eiuDpUs oT m>\m 

Statics, Graphic and Analytic, 

GRAPHIC AND ANALYTIC STATICS.in Theory and Cimf"'- 
ton- Tbelr Practical Applicalion Id Ihe Trealment of SIreEses in Roaf>,Siii<d 
Girdor>,LaUice,Bow61ndg and SaspeniloB Bridges, Braced It- ■-•—--' 
Fieri, and olhet Frameworks. To which is added a Chapter > 
■ures. By R. Hi;i>saN Gbahjik, C.E, With numerous Eiampl 



Strains, Formulie and Diagrams for Culeulation of. 

A HANDY BOOK FOR THE CALCULATION OF STFAm 
IN GIRDERS AND SIHJLARSTRUCTUR£S, AND THEIR STREKOTH. 
CoasJBtingof Fanaulm and Corresponding Diaetams, with nuiDemuldeuHi 
for PracUcal ApplicatiDD, &c. Bv William Huubss. A-M. Inst.CE., Ac 
Third Edition. Crown Svo. nearlT loo Woodcuts and ] Plates, ;]. M. cIdUl 



Civil engineering, surveying, tU. jl 

jdrauHc Tables. 1 

ayDRAULIC TABLES. CO-EFFICIENTS. and FORMUUE ' 
■ -- - -IVatir frBnO'ifica. Nolcliii, Wtin.Pipa. and 





iiiver Etigineering. 

RIVER BARS : Th) Causii of their Farmation, and lliiir Treatmint 
by -Inducid Tidal Scour." With n Descriplion of the SuccessTnl Redoclim 
bylhls Melhodqf Ih- " ^ • ■- " ■■ ■ 
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Tramways and their Working. 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING. 
^PSiabnciiie » CompreheDsive Miitory of the Sy ' 
W^jB\> o1 the varTouj Modes of Traction, i^aA 

^M^tedWaler, and Compressed Air; a DefcTipIior. „ 

^Ktock: und ample Details of Cost aod WorUng Bipenses: Ibe Progress 
^^beenlly nrade in Ttamway Coaetiuclioa, Ac, Sec. By D. Kihheiii Ci.aii(, 
^Bf.Inat.CE. WithoveraooWoodEngravings, andiiFoldinKPUtea. - 

Vols., large trown Bio, joj. cloth. 

iJm^ eniElid It once ts abnLn tbe piacllul ipJDnaailoa wlucLi wDI be «( moci mrln u hi 

iybligtte Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP I 
OBLIQUE ARCHES. By John H«>t, Third Edilion, wilh Platea, Id- 
petlal Svo, Bj, ololb. 

Strength of Girders. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA. 

TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 1 
'JBIKDERS, &c, for ParllainenlaiT and other Eslimales. By J. H. W*T 
™ -Mnaf.C.E, On a Sheet, 2i,6if. 



'ttbtes for Setti»y-out Curves. 
TABLES OF TANGENTIAL ANGLES AND MULtlFLli 

fi^SHtmt■eM CuTvafnm i la 2at> Sadw.. By Auxahdei UuiiLit, 
.liuL C.E. TbttdBdillon.' Prinled an 48 Cards, anil said In a ctstb bo, 
waiaicoat-pockel site, 3s. M. 

Uiffiaeering FieMwork. 

S PRACTICE OF ENGINEERING FIELD WORK, amit 
,a* n»d Hydraulic, HydmgTKphic.aid Subiiiariic Surveying andLB>ill«^ 
mil EdilioD, Revised. »JtS consldergbic Addhioos, and aSnpplemenl d- 
[^rworks, Sewers, SewaEE. and Irriealion. B; W. Davis H.SKOii.Ct- 
itiroas Folding PlHles. In One Volama, demy fivo, £1 s-i. clolb. 
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Fteltl-Boek for Engineers, 

THE ENGINEERS. MINING SURVEYORS. AND CON- 
TRACTOR '5 FIELD-BOOK. Consisting of a Serifs of Tables, willi Ruin, 
Eiplanalions ot Syalonuj. and use of Theodollle (or Traverse sSrvejin* M? 
Plot ling the Work Willi minute accuracy by means of Straiehl Edge ud Si 
SqoatB only; Levelling with the Tfieodr"- '-—:—--- -^". ■ ■ 
Levels to Datum, and Plolline Secilan; ' 
CurvM with Ihe Theodolite by Tangent 
end Left-hand Readings of the InEtn 
Theodolite, on the System of Tangentia 
sets; andEarihworkTableatoeo feet t 
depth. By W.Davis Haskoll, C.E. 
Edilinn, Enlarged. Crown Bvo, lis.clot 

mpii™l»«hMLcJ«ur,.i, Ji.lli.lili„i.lih.™gl.siillilhi:.™llllilc."-««ftBU.;V™,. 

Sai'thu'orfc, Measurement^ anri Calcutatton t 

' A MANUAL ON EARTHWORK. By Albx. J. & C 
C.e. With numerong Diagiama. iSmo, is.lU.efalb. 
" A pral ninanni of pmnlcql InlbtnuSnii. very admlrahlv arraEiiff^, nod a^afbU* Ifl 
iin[^eK, u weir ns tor the nioK cioct calcu^iQui rc^iilred la ihc «^irt«^t hoI ugfl 

JStrains. 

THE STRAINS ON STRUCTURES OF IRONWORK- wttli I 
! By F. W. Sbkildb, U, tnW. CE. I 



Strength of Cast Iron, etc, 

A PRACTICAL ESSAY ON THE STRENGTH OF CASl 

JSOS AND OTHER METALS. "- -r., -r "ISi 

" *on. Including IVooomH' 



MECHANICS 6* MECHANICAL ENGINEERlM(^. 7 

MEGHANICS & MECHANICAL ENGINEEBING. 
ilechanic'8 Workshop Co^npanion, 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, AND SCIENTIFIC GENTLEMAN'S PRACTICAL ASSIST- 
ANT, Comprising a great variety of the most useful Rules in Mechanical 
Science; with numerous Tables of Practical Data and Calculated Results. 
By W. Templeton, Author of "The Engineer's Practical Assistant." Thir- 
teenth Edition. With Tables for Operative Smiths, Millwrights, Engineers, 
Sec, and Useful and Practical Rules in Hydraulics and Hydrodynamics, a 
variety of Experimental Results, and an extensive Table of Powers and 
Roots. II Plates. lamo, 55. bound. 

" As a text-book of reference, in which mechanical and commercial demands arc judiciously 
met, 'Templeton s Companion' stands unriva.l]ed."—Mec/ta flic's Magasiue. 

"It has met with great success in the engineering workshop, as we can testify ; and there arc 
a great many men who, in a great measure, owe their rise in life to this little book."— ^»i'/(/t' g- 
Xras. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. Comprising a collection of Useful Tables, 
Rules and Data. Compiled and Arranged, with Original Matter, by William 
Templeton. Seventh Edition. Carefully revised, with Additions. i8mo, 
25. 6<j. cloth. [yust published. 

"With the utmost confidence »e commend this book to the attention of our readers.*'— 
JH<tImtitc's Magazxne. 

" A more suitable present to an apprentice to any of the mechanical trades could not possibly 
lie made."— ^wt/tfoff Aru's. 

Mechanics. 

THE HANDBOOK OF MECHANICS. ByDiONYSius Lardner, 
D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. New Edition, Edited and considerably Enlarged 
by Benjamin Loewy, F.R.A.S., &c. 378 Illustrations, post 8vo, 6s. cloth. 

"The explanations throughout are studiously popular, and care has been taken to show the 
application ot the various branches of physics to the industrial arts, and to the practical business of 
Hte."— .l/»/«i>^ younial. 

Turning, 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. By Paul N. Hasluck. 
Second Edition, thoroughly Revised, with a New Chapter on the Screw- 
cutting Lathe. Crown Svo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To aO turners this book would be valuable."— 
Jifigineeriu£'. 

' We can safely recommend the work to young engineers. To the amateur it will simply be 
invaluable. To the student it will convey a great deal of useAil information."— i:*n^{;/(r(rr. 

"A compact, succinct, and handy guide to lathe-work did not exist in our language until Mr. 
Hasluck, by the publication of this treatise, gave the turner Rtiuevade-mecufn,"— House Decorator. 

Metal Turning, 

THE METAL TURNER'S HANDBOOK. By Paul N. 
Hasluck. With over 100 Cuts. Crown Svo, is. cloth. 

Iron and Steel, 

** IRON AND STEEL *\- A Work for the Forge, Foundry, Factory* 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters and their Stock-takers; Managers of Bar, Kail, Plate, and Sheet 
Rolling Mills: Iron and Metal Founders; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Charles Hoars, Author of 
" The Slide Rule," &c. Eighth Edition, Revised throughout and considerably 
Enlarged. With folding Scales of "Foreign Measures compared with tUo 
English Foot/' and " Fixed Scales of Squares, Cubes, and Roots, Areas, 
Decimal Eqmvalents, &c." Oblong same, leather, elastic band, 65. 

" For comprehensiveness the book has not its equal."— /ron. 

" One of the best of the pocket books^ and a useful companion in other branches of work than 
Iron and staeV—lL'ftg/is/t Mechanic. 
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\tone-worhing Machinery. 
STONE-WORKING MACHINERY, andlhc 
cal ConvmiBti of Slam. With Hinls on Ihe Ar>=n"»i 
of Stone Wotka. Br M. Powis B»i,i, M.LM.E,, 
niuMtiililHis. LMeeerownSvo, 91. cloUi. 




XInaineer'B Beferettce Book. 

THE WORKS' MANAGER'S HANDBOOK OF NODESH 
RULES. TABLES. AND DATA. For Enpneers. Mill»ii|hl!, and Bala 
Mitan; Tool Mikera. MichiniBla, and Metal Wnrktrrs ; Irun and Braa 
- indera, St By W. S. Huttoh, CiV ~' ■'--■----■ " " - '-— ■ 
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I Engtneertnff Construction. 

PATTERN-MAKING : A Prarticai Trefliiw, embracing the Main 
Typos of Engmeerinp ConBtniclioo, and includinE Gearing, boih Hud mS 
Machine made, Engms Work, Stieaves and Pulleva. Pipes and Calamiu, 

■^ ra. Machine Parts, Pumps and Cocks, Ihe Moulding of Pallen» il 

I uid Greensand, &c„ together with the methods of Bstimalisg Ob 
It of Castings; to which is added an Appendix of Tables forWorkshsp 

Hondred and Seventy lllustralionB. Crown Svo, 71, &f. ciDtb. \Juit pMiiXii. 

[ Smith's Tables for Mechanics, etc, 

TABLES. MEMORANDA. AND CALCULATED RESULTS. 
FOR MECHANICS. ENGINEERS. ARCHITECTS. BUILDERS 
■'-'—led and Arranged by Fhabcib Shith. Third Edition, Revise.' 
i, 150 pp., waistcoat-pocket siie, is. 6d, limp leather. (Jial 



Tie High^Presanre Steam Engine. 

THE HIGH-PRESSURE STEAM-ENGINB : An En 
"amparaUvc tUrUs aHdanEaayioaarilnxiH<npfovi<ISyitimtri 
^ „BTDr.EMSTAi.s.«. Translated from the GBnnan.wiifi'* 
Dr.POLi, M. Inat.C.E., &0. Wiih a8 Platea, 8vo. l&i. mT^ 
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Steam Boilers. 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working, By Robert Wilson, C.E., late In- 
spector, Manchester Steam Users' Association. Fifth Edition. 121x10, 6s. 
cloth. 
•*The best treatise that has ever been published on steam boilers." — Engineer. 

"The author shoirs himself perfect master of his subject, and we heartily recommend all cm 
ploying steam power to possess themselves of the work,"— Hy/and's Iron Trade Circular. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With Ex- 
amples of Practical Geometry and Templating, for the Use of Platers, 
Smiths and Riveters. By John Courtney, Edited by D. K. Clark, M.I.C.E. 
Second Edition, revised, with Additions, ismo, 55. half-bound. 
•• A reliable guide to the working boUer-malcer."— /r<7«. 

** Boiler-makers will readily recognise the value of this volume. . . . The tables arc clearly 
printed, and so arranged that they can be referred to with the greatest facility, so that it cannut be 
ioubted that they wiU be generally appreciated and much usca."— Mining yonntal. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

GooDEVE, M.A., Barrister-at-Law, Author of "The Elements of Mechanism," 

&c. Sixth Edition. With numerous Illustrations. Crown 8vo, 6s. cloth. 

" Professor Goodeve has given us a treatise on the steam engine which will bear coniparison 
mth anything written by Huxley or Maxwell, and we can award it no higher praise." —Engineer. 

Steam. 

THE SAFE USE OF STEAM. Containing Rules for Un- 
professional Steam-users. By an Engineer. Fifth Edition. Sewed, 6^. 

" If steam-users would but learn this little book by heart, boiler explosions would become sen 
»tions by their ranXy."— English Mechanic. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 
Engineers and Steam-users. By Nelson Foley, Author of " Boiler Con- 
struction." Pocket-size, 3s. 6d. cloth ; 4s. leather. 

Contents : 



and Cumbrae).--Table 9. Decimal Equivalents 
of Time. — Table 10. Knots per Hour in ft, per 
min.— Table 11. Constants for I. H. P.— Table 
12. Decimals of Cwts. in lbs.— Table 13. Mea- 
sures of Weight ; also Miscellaneous "Results 
—Combustion, Air required. Stoking, &c. — 
Time and Speed Examples. 



Table x. Decimals of Tons in cwts., ors., 
lbs. — ^Table 3. Consumption perDayperl.Ii.P. 
^Table 3. Consumption per Hour per I.H.P. 
—Table 4. Consumption per Day per sq. ft. 
grate. — ^Table 5. Consumption per Hour per 
sq. ft. grate.— Table 6. Stowage of Coal and 
Compositioii.— Table 7. Knots per Hour (Mea- 
sued Mile).— Table 8. Knots per Hour (Cloch 

Fire ^Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management ; Re- 
marks on Fire-Proof Buildings, and the Preservation of Life from Fire ; 
Statistics of the Fire Appliances in English Towns; Foreign Fire Systems; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustrations, 544 pp., demy 8vo, £\ 4s. cloth. 

" To such of our readers as are interested in the subject of fires and fire apparatus, we can most 
teartily conunend this book. It is really the only English work we now have upon the subject."— 
Engineering. 

" It displays much evidence of careful research ; and Mr. Young has put his facts neatly 
ogetber. It is evident enough that his acquaintance with the practical details of the construction of 
team fire engines, old and new, and the conditions with which it is necessary they should comply, 
s accurate and fuD." — Engineer. 

Gfas JAghting. 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, Engineers, etc. 
By Robert Wilson, C.E., Author of "A Treatise on Steam Boilers." 
Second Edition. Crown 8vo, sewed, with Folding Plates and Wood En- 
gravings, 25. 6d. 

" All gas-users will decidedly benefit, both in pocket and comfort, if Ihev will avail tUcmseUe* 
tf Mr. Wilson's counsels."— Engineering. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS. 

iKiown as ■• Tut Ekqihe Dmvbk's Fmsun "). 

Jjocotnotive-Engine Drivlnti. 

LOCOMOTJVE-ENGINE DRIVING : A Practical MansiS fir 
KHgimin ir. chargi dI Loairiuilive Engiia. Bj Michael Rsvooldi, McidW 
nf lbBSociBtyotEnBineEr?.(onnBilrXDComotireln5peclorL.aand5.CR. 
Siitb Bdltian. Including a Kar to tri Ldcdudtivs Ehoiki. WlAQIu- 
iTUTtme aud PKiriiit ot Auitaar< Crown Bvo. ^s. 6d. cloth. 
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he Engineer, Firvi I 

THE MODEL LOCOMO S 
F.NCrNE-BOY. CompmngaHsp Ml Ngu 
Unglneiindthdils ena wi h u p o ec fo 
catca of Qualification n Iha Runn ng Serv c 
REiiiDLm. Author o Lo omo ve Eng ne D 
Itations snd « fine Portrai oT Geo gfi Slaphen 
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^tdtfona**;/ Engine Driving, 

STATIONARY ENGINE DRIVING : A PfuctUal ManvaJ fir 

£dM)D, En'lugGd. Wlhe\Mr:saofwa>acals. 'cmwn Svo^^Cd! cImIl 






Stirring Adventures and iilfrl 
H <i i-Kti ij; ciff Drintrs. By Michael BsiBolo 

EiijiHh Thousand. Crown Bvo, «. oloih. 



AnCHlTECTURE. BUILDING, tic. 1 

ARCHITECTURE, BUILDING, etc. 
Hetmcfion. 

The science of building .- An Elcmenlary TrMtise o, 
\au Priticipla cf ConstyuclioH. By E. Wmomii Tibh. M.A„ Archileci 
Becond EdilioD, Revised, with iS EDgraTinga. Cro*D Bvo. yj. &(. ciolb. 



THE . 



la Architecture. 
A HANDY BOOK OF VILLA ARCHITECTURE : 
'ffia 0/ Drtigni /or Villa X«iJmcn ifi uononj S(>;«, Wit 

*— ■ — BQdTDwetB Df England," ic. '30 Plales.' 4I0, half-niorocco, 



Book 0/ Usr/1,1 
or of'"Sp«cifica- 



rH£ ^R NT Q T LS OF ROME. By 

" C Esq B an E REBY, Esq. New 

or tf J -d y Al □», M.A. (aati of 

TIE F Q ee iford. and Chap- 



mtHngfor Builders and Student)* in Architecture. 

PRACTICAL RULES ON DRAWING, for tht Oferaliv, 

Beificationa for Practicitl Architecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
' lide lo Ihe Architect, Engineer, Surveyor, and Builder; wllh an Ess^y 

IB SInicture and Science of ModBm Buildiags. By Frbbebick RoaKas, 

llrchllect. With numerous Illustrations, demy Svo, 151, clolh. 
■* A vDbiaa of spoEEtcallons of a practical chariEtlcr bnhiE ([renUy nqiUnd. nnfl the ulrf 
Tfl worV of Alfred Banboiome-r t>cLn^ obl at print, tht autbor, dd tlie tnaU of dial work. 
Bdnnd the tixnt.-^^j^atlj^rota Pr/fia. 

I JSfyUBe-Owner's Eatimatot: 

'HE HOUSE-OWNER'S ESTIMATOR ; or, What will it Cost 
> Boild, Aller, or Reculr! A Price Book adapted to the Use of Unpta- 

^tareUu^sD. Simon, A.R^I.B.A. ^Edited and Ravlsed'by Fbascis^T. W! 
Bjllbk.A-E.I.B.A. With numerous 11 lustration s. Third Edition, Revised. 



CROSBY LOCKWOOD &■ CO.' S dATALdGOE. 



f 

^m Clvft Architecture. 

^B THE DECORATIVE PART OF CIVIL ARCHITECTnllE. 

^m By Sir Wii.Li:tu Ckaubius^ F.R.5. Wilh Illt>j<i3[ioDi. Nole^ 

I 
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in of Grecian ArehWlott by JOSKPH Gwilt, F.S.A. EdiMdbr 



» Plates, 

Designing, Measu/rtng, and Valuing, 

THE STUDENTS GUIDE to thi PRACTICE nf MEASVS- 
JNGAND VALUING ARTIFICERS' WORKS. Containing DirecHooi (or 

Bili°w11liT^1»'of C«istin(i%nd copious^MEmoraola for Ihe'vaJnatfon 9! 
Ij.b6di snd Miieiiala in Itaa resp«tivB TrsdM of Brkldayer ud Slaur, 
Cupenlcr and Ininer, PaiDtet and GUniir. PaperhanEer. 4c Wiih a PiilB 
and 63 WDodcoti. OriginalJi edited br Edwj 
Editio(i,^KeTj(ed,iritb con^derable Addliioni^ 




Foeket Eatimator. 

THE POCKET ESTIMATOR for Ihi BUILDING TRADES. 
Being an Easy Meliiod nf EstimalinR the variona pans o! a Bnildins colko 
lively, more especially applied 10 Carpenlen- and Joinera' work. ByA.C 
Beaton, Author of "Quindtiea and Measuienenls." Third EdIlioD,Bn- 
fully reilMd, 33 WoodcuH. leather, walstcoat-poekel Biie, u. M. 

■'TM» book U *» (olnptalo U U l< poiilbic to nUiki! il,"— fljilUii/r=ip'-S'"r'»*F*r 'T'"* 

Builder's and Surve]/or'e Pocket Technical Gnide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEVORS. Coptaininga ComplUe Ei^iu- 

T^hnicar Direcl'ioni fa'c'ltfeiBDimii Work in all lbs Build ioe'Tndes, xittii 
Treatise on the Meaiurement of Timber, Complete Specifications, ftc. k. 
By A. C. Be«tos. Socund Edidon, wJlh 19 Woodcuts, leather, wain—- 
poekei cite. is. 6d. 
" Ati f iiwidinely handy pocket CDinpuLoo, tbonuvMr ii^Saiilc.'—BiIUtr'i inrU, Hrfirla. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Gnide 10 the Architect, En^necr, Surveyor, sod BuUder. in drairis 



Boiler and Factory Chimneys, 

BOILER AND FACTORY CHIMNEYS : Their Dmaghl-piw 
aiiJSIability; with a Oiipiei on Lighlninn-Condnclora. ByRoBBBiWif 
sow, aE., AullioroI"TT«H\ie'-'' =->—■. -- ... -■-... 



DECORATIVE ARTS. , 



DECOR ATIVE ABT 5, etc. 

d Marblea (Imitation of). 

OF PAINTING FOK THE IMITATIO. 
Bi£S, aa Taught and Praccised byA. R. Vaki 

Bby illiK., UluBlraWd wltb 24 fuJJ-siie Coloured pLlcs ; also li pl^ PlaMs 
pninuiig IJ4 Figures, price £1 lis. 6^, 



a and Marbles (Imitation of). 

ICHOOL OF PAINTING FOK THE IMITATION OF IVOODS 
IKD XAXBLES, as Tiaibliu ■ ~ ■ ■■ ■ 




Colour, 

A GRiMMAR OF COLOURING Applied 



} Painting, 

ASS STAINING AND THE ART OF PAINTING OSfl 
B.ASS. FrninihECoriiiai.ofDr.GES9EiirflndEM*BuiiLOTTaFa. 
' in Appeudii dd Thi Akt of Ekihelling. iimo, is. 6d. clQIli 

MMENTARY DECORATION. A Guide to tbo Simple* 
-01 otETervday Aft, as applied to Ibe Inleiiorand Eilarior Decoral -* 
"=--"-OBBa, So. By J*HKS W. Facey, Jan. With 68 Cu la. lan 

■ulde-biHlEloIliedecantivciaLiiUTltaUlbEfinnidreliililc.-— .^iUtafA'ns^ 

3 Fainting, etc, 

pUSE PAINTING. GRAINING, MARBLING, AND SIGN 
Biwr/WC, APratiicalMamialof, ByELLisA.D.viDBOH. FounhEdirioo. 
- [h Coloured Plal« snd Wood Eagravingi. iimo, 61. ololb boards. 






1^ CRO SBY LOCKWOOD &■ CO.' S CATALOGUE. 

DELAMOTTE'S WORKS on ILH/Mlf/AT(0N& ALPHABETS. 



J 



I A PRIMER OF THE ART OF ILLUMINATION, for t\l VU' 

' • wUh ■ RudioientaiyTifatiseoit Ike Art, Praciic^ DdniIodi' 

e.aadnuiD«i>u&Eiainp]eEUkentramllluiDii»le.lMSS.,priDl»l 

Colours. By F. Delauottb. Small 4IU, ^ elegHnll]' boiuul, doth 

ORNAMENTAL ALPHABETS. Ancimt and Mtdiaval, ftcm lU 
EigSlli Cnitury, itM \-umirab; including Colhlc. Chureb- ' 









Rusiic. Bud AralosdDCi 
: Raman ind Old ^diik 
H of Dranghtsmea, So- 



I 
I 



, New Bad Cbeapai EditioD. Kora: 

EXAMPLES OF MODERN ALPHABETS, Plain and OrMMinKill; 
includlDR Gemus, Old EoElisb, f ~ " - ^ - 

Court Hand, Epgrnsiing, Tuscbd, 

Alphabe™l»rga^«nd EmaS'ai.d''M ..._ 

VByors, Mbsoue, Decorfllive Paintoia, Lilhogrflphers, cuEwvcrs. i,«ith 
CallecCed Bod HnEraved by F. OeLAUDTTt, and prinlaa id Caloun. 
and Chmper Bditlon. Royil Svo. obloDg. a. fid. ornamenlal boards. 
"Ttwra ia cainpH»d In iEemTpH^LIe ainpe Inia vhlch tb« kners oF Ihd klpfaAflC^ 
auiHfjilg cm be rDrnwdn and the tilmt wMili tau hen nprndBd In ftitctnioirptitnudlhtttam 

MEDIJEVAL ALPHABETS AND INITIALS FOR ILLOUU 

ConiaiuuiB II PUiea and llluminpted Ti'ile, prinia'd in GoH a! 
Wilb an Introduction by ]. Willis Bxodks. Small 4to, 6s. clolb 

THE EMBROIDERER'S BOOK OF DESIGN. Conlaininir , 
Initials, Emblems, Cyphers, Mooagrams, Ornamenlal Borders, Bccle^ulial I 
n^vinp. Mm!ia.v=l and Modem Alphabets, and National Emblems. Cet 
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Waoa Carving. 

INSTRUCTIONS IN WOOD.CARVING. for Amatm 
HisIB on Design. By A Ladt. With Ten large Plates, ti.bi.iam 



Letter Painting, 

THE ART OF LETTER FAINTING MADE EASY^ , 
UhpS CbkiQ BiDEHOCH. 'Wittvii.taW-Daw Engravings 01 Etamplti,^' 
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I CARPENTRY, TIMBER, etc. ~^m 

'8 Carpentry, Et, 

.EMENTARY PRlf, 

ic'ot Timber, and ibe Consinjclipn ot Floors, Arches, Bridges, Boots. 
lilinK Iron and Slcne wilh Timber, ftc To which ii added an Euay 

Wood OMd in Bui Id in";' also nuSsrooa Tables of Ihe SranllinKS nl Tin^ 
r for differenl poruoses.lhe SpcciBc Gravities of Mainrials, &c, Bt Thomas 

d Stone,' 111 oatrsted. Siilh Edition. IhoronghlT reviled and considerably 
laried bv E.WrHonAU Tarn, M.A., Anthor ot "The Sdrnce of Uuild- 
!," «e. with 6r Plates, PoOmil of the Anihor, and teveial Woodcnis. In 
e large vol., 4I0, piite £t 31. cloth. (Jult fublisliiil. 

Foodworking Machinery. 

WOODWORKING MACHINEHY : Its Riu. Fiagriss. ani Coif 

gmcfiOB. WlthHinlioolhoMadagEBieQlof Saw Mills and IhE Economical 

kuTenlon of Timber, lllasltalcd with Eiamples of Recent Designs hj 

•diu BniUib, French, and American Engineers, Br M. Powis Bale, 

STioM. c J" ■•■■■" ■ " -.■-■'. 




Blifa a CDihTdcnUD 



Mitta. 

W MILLS: Their Arrangemtnt and Mamgimint, and thi 
namical Cttnsirsio* of TimhiT. IBeing a Companion Volume Io"Wood- 
rking Machinery.") By if. Powis Balb, A.M. Inat. CE,, M.I.M.E. 






terwood and H'oodland Tables. 

'ABLES FOR PLANTING AND VALUING UNDER- 



•pentering. 

•HE CARPENTERS NE W G UIDE ; or. Book of Lineg fat Car- 

ige of Carpentry. Founded o^lKe £16?="' Nicholsos's StandarS 
A New Edition, revia^d by Abihuh Ashi'ite]., F.S.A. TosEiher 
raclital Rules on Dtawing, b^ CeoRaa PtM*. With f4 Plaicii, 



i6 CROSBY LOCKffOOD <S- CO.' S CATALOGUE. 

Timber Merchant's Companion, 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
FA fllOfl. ContiiDlng New and Copious Tabid of Ibe Reduced Woehl tcA 
Meuuretneni of DoJi asd Batteu, of all lizes. from Oat IB a Ttmuad 
Pi(c», and Ihe nUtiTS Prlca tint aacta ute bears per Linal Font u uy 
cLven Prica per Pelartbure Sundard Hundred; tbe Price per Cabe Fou id 
Square TimtwrloanT givBO Price per Load of so Peel; tbe ptoponiauM 
Value sf Deala and Balusa tn lb« SuuUrd, In Square Timber bj lbs Utd 
of ja Feet ; Iha raadieu mode of ascartainuig Iba Price of ScinUia; pel 
I.iDeal Foot of apf aixe, (oanj^TeD iigiue perCabo Fooi, Wwmtnoj 
of olher Tuloabls loftitmalioa. Br WltUAu Dowtlao. Timber MeicliuL 
Tilled BdllloD, Hevlaed and Conected. Croon Svo, 31., ciolb. 



"i-actical Tttnber Merchant. 

THE PRACTICAL TIMBER MERCHANT. BeiDgaGnide 
tor Ih* lue of Buildioc ContneiocB, Sniveyora, Builders, ftc, corapHiH 
uhIuI Tables for all purposei conneilsd with Ihe Timber Trade, MuHot 
Wood, Esiay on the Sirenglli oC Timber. Remarks on the Crontti of Timba, 
As. By W. RiOHAaosOH. Fcap. Sto. ji. Ed. cloth. 



'IVmber Freight Book. 

THE TIMBER MERCHANT'S. SAW MILLER'S. AUD 
tHIPORTER-S FREIGHT BOOK AND ASSISTANT. CompiilbMcRilH. 
Tables, and Memoranda relating to tbe Timber Trade ~ '" 



Ihapler on"Speedio 



Mill Macbinerj,'' by M. Powis Dm 

Tables for Packing-Case Makers. 

r.iCKING-CASE TABLES; showing ihe number of Snptr- 
By W. KicnaapioH. Timber Broker. ' Second Edition. OblODg 4lD,3i.U 



SnperHcial Meaanrement. 

THE TRADES.MAN'S GUIDE TO SUPERFICIAL ISEA- 
SUREUEHT. TablMCiJcalaledfromi W soo inches in length. bn» iH 



Forestry. 

THE ELEMENTS OF FORESTRY. Designed to aSotib- 

Probt, with Suggestion! upon the Creation and Care of Woodlands. Bjf.B. 
HouoK. LatgecmwnBvo, lOLcloIb. 

Timber Importer's Guide, 

THE TIMBER IMPORTER 'S, TIMBER MERCHANT'SAUB 
BUILDEKS STANDARD GUIDE. By Richaiid E. GbiKDr. Compra- 
ing an ABalysis of Deal Staodarda. Home and Foreign, with Cmipsiiii'S 
Valoea and Tabular Arrangements for fiiiog Nett Landed Cost op Bilns 

Insurance, Sc. Sc. i together wilb copious Information ^lio RelailB 
andBuilder. Seeood Edition, carefullr rtrtsed 
cloth boards. 



MINING AND A//N/-VG INDUSTRIES, 
y MINING A ND MINING IN DUSTRIES. 

hig in the ZTnitetl Kingdom. 

IRIT/SH MINING : A Treatise on the Hhloty. Discovirji.Praeti 

opniKi. and Fulvrt Prospicis of MelalltfernMs Mitici in lAi Utiital Ki 

Bj ROBE«i Hunt. P.R.S., K^epei o[ MIoIde Recoidt: Editn 

.j<i Diclinnory of Atls, Manu&clures, and Mines," &c. Upwaids of 

with 130 lllusliBlloBi Super-roral Svo £131 cloth. 



I 
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"«of oui.niiitralldil BitUdhu. .. ^^ 






"ThvUVBEimAfiBlD^huliUhatlDpoiiaiKd in wwk mppFCBChLb^ la hnpcriqnce ta lliat 

Coal and Iron. M 

THE COAL AND IRON INDUSTRIES OF THE UNITEB^ 






fjfih' 



.a Prioei- ' 



Also 



. ._ , , ._jBly; and a HiBlory of the 

I Bnd Piogrea of Pig ttoa Maoufiicture since thejeac 1740, eihibidnE tbe 
Domlci introduced in tbe Blast Futnaces IbriU Prod uclioa and [mpcDve- 
it. By BicMiiin Mkade, AssJsant Keeper of Minini; Records. With 
a of the Coal Fields and Iroostane Deposils of Ibe United Kingdom. 



vo bMumwiniwii."— MlnlKBi™"^- 
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Bp CROSBY LOCKWOOO & CO.'S C ATALOGUE. 

^fMetatUfefoiiit Minerals nnif Mining. 

m TREATISE ON METALLIFEROUS MINERALS AND 
MISING. By D. C. Dtvtts. F.G.S., Minine EDgineer. &c, ADtliorc' 
Treiliu on Slue ud Slue QiunjinE-" tllustiaied wiih niunuom^ 
EngnriDBi. Second Edition, urefnilr Revind, Crown Svo. lu.fii.c 

dt Ihat wiD QQt oolr li* n^'ul Id the eMosI^ Ih? pmcticitl miner, and the incsiBi 



m^ttithff Mineral* and Mining. 

■ " A TREATISE ON EARTHY AND OTHER MINERALS 

AND MINING. Br D. C. Davies, F.C.S. Uuiforia with, and bufflj- 

"- -lanioD VoJumi id. tbe Eune Aulhoi's " MeOllilsrous MiMnli 

ig." WiUl 76 Wood Engravings- Crown Bvo, in. 6rf. cloth. 

Summary o/CimMU: 



I I'Mtlergronntl Ftimpltig Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 

lion of a large number oMtie bail known Engines. Ibeir General Ulililiiiul 
tbe Special Spbere of their Action, ihe Mode of tbeir Appliutian, and 
(bar merit! Gampamdvilfa other fottnaot Pumping MachiDerr. BrSiur" 
MieuELi., Hvo, 151. doth. 
■ mi"i3l°..L°j "*^" - - - 

I fining Tools. 

A MANUAL OF MINING TOOLS. For the Use oi 
M»nagers. Agonls, Slodenis, *d. Bj Williau Mohoshs, Leclmer on Ptit 
tical Mining at the Bristol School of Mines, izmo, 31, clolh boards. 
ATLAS OF ENGRA VINGS to Illustrate the above, tx 

r Ooal Mining. 

COAL AND COAL MINING: A Rudimentary Tnatiston. By 
Wartnotdh W. SuTTH, M.A., r.R.S,, ftc Chief Inspector oflheMinaDf 
tbe Crown. New Edition, Hevlied and Corrected, w.'.i. •^„^. .iu™m. 

fining Surveying. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GOIDE. Bj WtLLlAU LiKTEHK, Mining and Civi] Engineer. Wllh Fob 
Plates ol DiflRrams, Plans, ftc iimo, -- -'■"'■ ' '- 

lerraneotia Surveying. 

UERRAHEQUS SURVEYING. Eliminlary and PrtOictl 
■ with atld wirtH)MttieWa'KM&cS«ft\R. '&i'T'BQ«ta Fr.rviou 
^ Mines, ana TBO«hBBi.t.er,CB. \\\™nmtA. ^.iim,,-4..i4i*!i. 
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NAVAL AKOHITECTURE, NAVIGATION, etc. 

Pocket-Book for Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, Member of the 
Institution of Naval Architects, Naval Draughtsman. Third Edition, Re- 
vised. With numerous Diagrams, &c. Fcap., 125. 6d. strongly bound in 
leather. 

" Should be used by all who are en£:aged in the construction or design of vessels. . . . Will 
>e found to contain the most useful tabks and formulae required by shipbuilders, carefully collected 
rom the best authorities, and put together in a popular and simple form." — £n£i»ffr. 

"The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
»Ivin£^ many of the numerous problems that present themselves in the course of his work." — Jro^/. 

"There is scarcely a subject on which a naval architect or shipbuilder can require to refrcsli 
lis memory which will not be found within the covers of Mr. Mackrow's book." — Etijtflish Mechanic. 

'Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s. 
" We recommend it to our readers as going far to supply a lon^-felt want."— .Vatw/ Scieuce. 
"A most useful companion to all marine engineers." — United Sen'ice Gazette. 

Grantha^n's Iron Shipbuilding. 

ON IRON SHIPBUILDING. With Practical Examples and 
Details. By John Grantham, M. Inst. C.E., &c. Fifth Edition. Imp. 4to, 
boards, enlarged to 40 Plates, including the latest Examples. Together witli 
separate Text, also considerably enlarged. lamo, cloui limp, price £2 zs. 
complete. 

" Mr. Grantham's work is of great interest. . . . It is also valuable as a record of the pro- 



Gfress of iron shipbuilding. ... It will, we are confident, command an extensive circulation 
among' shipbuilaers in general. . . . The text-book on which the. examination in iron slii|)- 
liuilding ot candidates Tor promotion in the dockyards will be mainly based."— £fi£i»eerinf^. 



Lighthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS. Being a Report of 
a Tour of Inspection ma4e in i873> By Major George H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
215. cloth. 

Navigation ( Practical )f with Tables. 

PRACTICAL NA VIGATION. Consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law. C.E., and Professor J. R. Young. Illustrated. i2mo, 7s 
strongly half-bound. 

storms. 

STORMS : Their Nature, Classification^ and Laws; with the Means 
of Predicting them by their Embodiments, the Clouds. By William 
Blasius. With Coloured Plates and numerous Wood Engravings. Crown 
8vo, los. 6d. cloth. 

"A very readable book. . . . The fresh facts contained in its pages, collectc<l with 
•vident care, form a useful repository to meteorologists in the study of atmospherical disturbances 
. . The book will repay perusal as being the production of one who gires evidence of acute 
ibscrvation. "—A'a/i/rr. 

The following books on Naval Architecture, etc., are published in Weale's 

Rudimentary Series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Robert Kipping, N.A. Fourteenth Edition, ismo, zs. 6d. cloth boards. 

SAILS AND SAIL-MAKING. Tenth Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated, xamo, 35* cloth boards 

^AVAL ARCHITECTURE. By Tames Peake. Fourth Edition, 
with Plates and Diagrams. i2mo, 4s. cloth boards. 



CROSBY LOCKWOOD 6. CO.'S CATALOGUE. 
NATURAL PHILOSOPHY AND SCZSNCE. 

WXhcMeUff. ~^' 

A MANUAL OF ELECTRICITY ■ Intluding GdlvaKam.llit- 
Miliim, D\a-ilag<uliim, Elatn-Dynainics. IJagM-Eilclncily, mi tht ElKtrU 
TiUrrapli. By Hihit M. No>d, Ph.D., F.R.S., F.C.S. Poailta Edilhn 
WiiB soo Wocidciilf. Ova, £i 4(.clolli. 

irtvo uid tednilnic hAJki of ikdriiST. !»■ 

'^xt Book of KlectHclty. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Kekiy M. Hokv. Ph.D., F.R-S.. F.C.S. New Edilioo, atefaVy Rcriiti. 
With u InlrodDctloD tad Addilioaul Chipwrs, bj W. H. Pkcece, M.I.aE., 
ViB»-FnMmtotlbeSodenen<sIegnpiiEngineBi.eic. WiltaiTo IIIdbii- 
tiiiiu. CiowD Bto, iif. fill. cIdUl 



«litfivBn(75l!mk3d>ciuu.mdwtod Kir Budenu. . . . DlKonri unci in Un pn- 
gP^»B3iHlfcTnB0MtMriJ«[ M fi rt ba hi i H hai no* amiunirlT »dK4}. vmI pncTiail ■{ip&» 







liBfwUad bD tha pnctlal muht of rvceni iowprkoi And rcwudi Ed dm 

L l>r. Larvltier'ft Scftool Handbooks. 



I JJi*. J^rdner'e Electric Telegraph, 

THE ELECTRIC TELEGRAPH. By Dr. Lahonbr. Nw 

Edition, IteviHd ind Re-wrilleo br E. B. Bhght, P.R.A.S. 140 IlluUt' 
liDQs. Saull avo. u. U. cloth. 

^ field Fortifirntion. 

^ .^ TREATISE ON FIELD FORTIFICATION. THE ATTACK 

i 



OF FOSTKESSES. UILITARY MINING. AND RECONNOITKtNG. Bj 

CotoBcl I. S. Macal'Lhy. lull Professor of Forlifiotioa in the R-HA^ Wool- 

— ■ -idilion, crown Bvo, cloih. wilh separate AlUs of it Ptates, m. 

Ughtning. , 

THE ACTION OF LIGHTNING, and tit ifiani of Dtinihi 
Li/ijuutPropetlffromiliEffcrls. ByMejotA. Parncll,R.E. luno, 71. ill. 



P-iy orel2^ his injumenti by •J"!™; " 



JiATuHAL PHtLOSOPHY AND SCIENCE. 



Geology aitd Genesis. 

THE TWIN RECORDS OF CREATION; or. Giology and 
Gcitnit: thtir Ferjccl Harmony and Wandtfjul Concorif. BvCbokobW. 
Victor LS Vaui. NuioHrDus flluBlralioni. Fcap. Bvo.sJ. clolh. 

17* c Btotvplpe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY. AND 
GEOLOGY. ContainiDE all known Methrids at Anhydraaa Analyiia.DUBy 
Wniking Eumples, and In^IrDctions foe Making Appiralui. Bj Liflul.- 
Colonel W. A. Ross, R.A.. F.G.S. Wilh ua llTuBIralioos. Crown Sio, 



1 



CHAP. I.Manur.ir:tiiri^orB]OH«inBApidnluL I 
siippDiii and_ A^iFiraiu^— ]\'. On AuidlkrT 

The MUitary Scienees. 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 
<Iom CoDtrlbuIioDa of Officers sod olhers conneclsd with itae differant Ser- 
vicer. OriKioally edited by a Cammiltee of the Corm of Roral EniinHn. 
Second Edition, iooeI carefully revised by an Officer of the Cotiu, with manv 
Addilions: containing nearly 350 Engravings and many Jiundted Woodcrt 



ndiHturcA tu 



ins: containing nearly 350 Engravings and many hun 
Vob. royal Svo, extra clolh boards, and lettered, £4 i< 



It Ser- 



.Xstronom.\i, 

ASTRONOMY. By tha late Rev, Robert Main, M.A.. F.R.S., 
formerly Radcliffe Observer it Oiford. Third Edldtui, ReviMd anil Cor- 
rected 10 the preaeollioie, by WilluhThynneLykh.B.A., F.R.A.S.,lbniierly 
of Ihe Royal Ohiervatory, Greenwich, iimo, «. oloth limp. 
- A fo=nd und iiraplt UM.iit. ,«,cirtfUUi edited, ind • ci|.l»i book for beginnM?.'-*..!*-. _ 

ffie,. m 

^'TlicniHentadkllan Hcm^to havetwBnc^irEfullyanrl ic[unitelybiouB^>E duwulo llu rndo^H 
mebta dT th« pruenf time tiy Mf . l^jaa:'—t:imatiiieal Tiiits, ^H 

Geology. fl 

GEOLOGY, Physical and Historical. ConsistiDg of "PhysicalH 
GooIoEy," which seta forth the leading Friociplei of tlie Science: aDd"Hi>- 
IDTlcarGeoIogy." which treats of the Mineral and Orjuilc Conditions of Iha 



1 luciessive epoch, especial reference being made I- . 
;ki. By Rm-vu Tatk, A.L.S., F.G.S., &o., Sic. Wilt 



C'onchology. 

MANUAL OF THE MOLLUSCA : A TrcatUt on Rk/hI 
Fnsll SMls. By Dr. S. P. WooowAiin, A.L.S. Wiih A 

bound in cloih boards, 71. 61I. 



^ 
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Dr. LARDNER'S HANDBOOKS of NATURAL PHILOSOPHY. 

* ,* The following five volumes, though each is complete in itself, and to be pur- 
chased separately, form A Complete Course of Natural Philosophy. The 
stile is studiously popular. It has been the author's aim to supply Manuals for the 
Student, the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illastrations. Post 8vo, 

6s. cloth. 

" The |)erspicuity or the original has been re'atnc<{, and chapters which had become obsolete 
lin\e bcpn replaced by others of more modem character. The explanations throughout are 
scutliously popular, and care has been taken to show the application of the various branches of 
ph. sits to tlic industrial arts, and to the practical business of hie." — Miniuz yournal. 

"Mr. Locwy has carefully revised the book, and brought it up to modem requirements. '- 
Xalnre. 

" Natural philosophy has h.td few exponents more able or better skilled in the art of popu- 
Liristng the sudji-ct than Dr. Lardnrr ; and Mr. I-oewy is doini; good service in fitting this trtatbc 
and the others of the series, for use at the present time." — Scotsman. 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 
236 Illustrations. Post 8vo, 5s. cloth. 

"I'or th«>sc 'who desire to attain an accurate knowledge of physical science without the pre 
fi>un<l methuils of uintlicniatical investigation,' this work is not merely intended, but well adapted. ' 
—LhfpnUai Xrtvs. 

"The volume l»efore us has been carefully edited, a»gmented to neary twice the bulk of the 
firmer edition, and iill the most recent matter has been added. . . . It is a \aluablc text-book." 
— .\ature. 

"C;intHda*cs for |>ass examinations will find it, wc think, specially suited to thc'r requireuccts.' 
/ nglisk Mtchanif. 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 

written by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Pcst8vo,6s. 

cloth. 

" The style Is always clear and precise, and conveys instruction without leaving any cloudincu 
or lurking doubts i)chiii<l."' — liiif^iueeriu)^. 

'■ A most <\li.ui^tiT<- liook oil the siiWjcct on which it treats, and is so arrarged that it can 1 c 

mulcrstfiod by all who ijisirc to attain an ;icciirate kiiowk'diije of physical science ^'f 

I.oewy ha^ iiu liuicil all the latest (lisco\ trit-s in the varied laws and effects of heat." — Standard. 

"A cfjuiplctc and handy tc.\t-boi>k fur the use of students and general readers. ■■—/;«i/.-'''' 
.Mi'iJiauic. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner,D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
cf University College, London. With 298 Illustrations. Small 8vo, 44!) 
pages, 5s. cloth. 

" Written l)y one of the ablest English scientific writers, beautifully and elaborately illmtrated. 
— Mfthania' Maj;a-inf. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 

ACOUSTICS. By Dr. Lakdner. New Edition. Edited by George Carey 

FosTKR, B.A., F.C S. With 400 Illustrations. Small 8vo, 5s. cloth. 

" Th"* bonk could not have been entrusted to anyone better calculated to preserve the terse ami 
liK ill stvie of l,ar(iner, while correttinjif liis errors and bringing up his work to the present state of 
:> icntific knowledge." — Popular .Si ieiue Revinv. 

Dr, JjUi'duer's Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.'' By Dionysius Lardner, D.C.U 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards ot 
100 Woodcuts. In One Vol., small 8vo, 550 pages, gs. 6d. cloth. 
" I'rohably no otlier book contains tiie same amount of information in so compendious and well- 

irranged a form — certainly none at the price at which this is offered to the public' — Athettatnii. 
"We can do no other than pronounce this work a most valuable manual of astronomy, and we 

itrongl^ reconunenil it to all who wish to acquire a general — but at the same time correct — acquaint- 

tnce witli tins sublime science." — Quarterly yournal 0/ Science. 

"One of the most dcservecWy popuUt V)OoV.s ow v\\c «.w\i\tcV . . . We would recommend not 
onWxhc student C)f the elcmcnlaty pTWCvpXc^ ol \.\\c sc\*iwct,\a.>iX.\\R. Vro •axros at mastering the 
hxfihcr and mathematical branches ot asXto\\owv>j,tvoX.VQ\>^V\'CwiMX>iK& 'wwVXsRSk.^^XicKSLr— frocft- 

cal Magazine. 



NATURAL PHILOSOPHY AND SCIENCE. aW 

LARDNER'S MUSEUIH OF S OfEf/GE AND ART.' 

■THE MUSEUM OF SCIENCE AND ART. Ediled by 
'>— — SIU5 Labdneh, D.C.L., formerly Profesior of Natural Philosophj and 
lomj. in University ColLege, London, Wilh upwards of i.ioD Eoerav- 
II Wood, In 6 Double Vorumes. £i is., in a new and elegant cloth bind- 
r handsamelr boDod in halfmorocco, iis.Sd. 



it'—SfuUur. 






ed from iht about, sailablt for Woiimca's Librar 
Science Claim, &c. 

, ___ h, Fire, Water, 

0, Ihe Eye, Locomotion, Colour, CloclB and Watohea, Ike. 133 

trationSj clolh gill, 5s. 
Xka JKIcroteope, Caataiainij Optical Imaees, Maenifyine Glasses, 
m „jr, -...-.r. ., ..^ »._. ^- "Ejects the Solai 1 

JPjpufar Geoloaii. Canlainlng Earihauakes and Volcanoes, Ihe C 
ifioE— "- "- ---■" ■--■ - -■'- -- -' 



e^iputar Phi/alcs. ConlaininE Magnitude and Minutene5a. the AInii*' 
Ephflie, Meteoric Stones, Popular Fallacies, Weatbur Prognostics, the 
■netinoinolcr, Ihe Baromeler, Sound, So. B5 llliiatiallons, cloth gill, w, &*. 

MiafH and U» Vtet. Including Iha Steam Engine Ihe Locomotive, and 
1 6teun NavigBlion. B9 Illustialions, cloth gill, 11. 

T^pulaf AtlroHomy. Containing How 10 observe Ihe Heavens— The 

'^Kartb, Sun, Moon, Planets, Light, Cornels, Eclipses, Aslmnomicai Influ- 

'ences, Ac. iBillluslralions, 41. &(. 

Ihe Bet ana White Ant» : Their Manners and Habit 
' aaof Animal iDSIIncland Intelligence. 13; lUuttratlo 



1 



•itEleetrie Telegraph Papulart^ed. To r 

lorins of 'Telegraphy in Actual Opei»,Vwn. : 

n.ea. 



1 
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■ Frnctical Mathematics. 

f MATHEMATICS FOR PRACTICAL MEN. 



CROSBY LOCkWOOb &■ CO.' s CatalogvE. 
MATHEMATICS, OEOMETRY, TABLES, ets. 



Uu of Civil Eaginetls. ArehiMcls. and San 



and Mixed Muhemiiici. DnsignBd cbiiSrfiir Oe 

Arehitecls. and Survejois. P»n 1, Pumjllir- 

iniilDg Arilhmello, Alubra, Gsometiy, Msdi 

hwOt. Conic SwiionupProportiei of CorvEi. P»n II. Miil . 

compiluBK Mechanics ia seneral Slatici, Djiuinici, HjdiDiUtics, HjiiD- 
dyiuunici, (|oirain«ict, MeebuicaL Agenii. Slreoph ofMaieriiils. Wtthoi 



Enginmls, ._ . _ 

niilDg Arilhmello, Aliebra, Gsometiy, Msnsuialien, 
j«iion.,P ■ '- 

[ectianics 
niipulct, t 

-.... .'!^™S,.E 

(uli* RniKd by ]. R. Youkc, fori 
Coilego, '""'■ — "—- - • — '- - 



dyoiBiici, PnsiiiDUict, MeebuicaL AceaiL Slrencthof Maiennls. Wnbn 
Appendix of copioiu LojiariUunic and other Tablesi Gj Olihtuub GrbO' 
— ■■.,p.,P.^A.S,. EnUrgrd bTMemiY Law, C.E. ilh Edilioii ia~ 




\ Metrical Vnit-a and Sf/«temti, etc. 

I MODERN METROLOGY: A Manual of Iht MelHiil VniH 
and Sytlemi cf Ihi Prisal Coilnn. With an Appendix conUinineapcopoiHl 
KUKiiah Sjttom. Bj Lqwib D-A-Jacbsom, A.M.lasi. C.E., Author of ''toi 



'lice/a^*i 





! Z%e Metric Syatetn. 

A SERIES OF METRIC TABLES, in which thi Britiih Slai- 

urdlleaivraiindWeirStiarlctimparHtaiillitioseBflluMetricSystimtlfrmid 

inVHottliiCoMinait. Bv C. H. Dowliso, C.E. Second Edition, ReTiml 

B, M. stronglj bound, 

Oeometry for the Architect, Engineer, etc. 

PRACTICAL GEOMETRY, /or tht ArekiUcl. Enginii 

.. . . .^. i.«»r-' 



of "The Science of Buildi 



'i 



ding," ftc. Second Edition. With Appra- 
id fsomBlrical Projection. With 173 iW 



MATHEMATICS, GEOMETRY. TABLES, itt. 



"oiiipreheiiaive Weight Calcitlntor. 

THE WEIGHT CALCULATOR: BeinR a Series Of Tables 
upon a Neir >nd ComprsbenBEve Plan, cihibiling ai One Reference tlio bi>u:i 
^^UF a{ aoy Waigfatftom i lb. to 15 (one, al jm Progressive Rales, from id. 
lo ifiSi. pel cm., and conlaiaiag iW.ooo Direct An^wsrs. which, with their 
CombiaatlDna. t»insistin(! of a sTagle addllion (moslir (o be pciformed al 
Bight), will afford an aggregate of id,3«,ooo Antirers ; the whole beiog calea- 
liled and designeil lo ensure correctness and promote despatch. By Hekit 
Haibek, Accountant, Sheffield, Aalbor of "The Discmni Guide.'' An en- 
lirely New Edition, carefally revised. Royal Bvo, strongly balf-bonnd, £1 

'.'ompre/ietniive Discount Guide, 

THE DISCOUNT GUIDE. Comprising several Series trf 
Tables for the nse of Merchants, Manafacturers. IrDnmongers, and olher- 
by which may be ascertained the eiacl Profit arising from any mode of nsln 
Discounts, either In (he Purchase or 5a)eofGoods, and the method of eithi 
Altering a Rale of DiscpunI or Advancing a Price, so as 19 produce, by one 

more Discounts ! lo which Me add'tS^TabllH of Profit ot Advance from ij lo 

miMionr&c, from i to 10 pe™ent!'"B'v Henry H*rben'. Accounlant, Author 
of " The Weight Cdcolalor." New Edition, carefully Reviied and Corrected. 
Demy Bvo, 544 pp. half-bound, £1 5s. 
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':roH and Metal Trades' Calcitlator, ] 

THE IRON AND METAL TRADES' COMPANION. Being 
■ CalcuUlor. containing a Series of Tables upon a New and Comprehensive 
Plan, for einediliousiy ascertaining the Value of any Goods bought or sold 
by Weight, froDi 11. per cwl. 10 iiu, per cwt., and from one farthing per 
pound 10 one shilling per pound. Each Table eitends from one pound id 
lODlDDS, To which are appended Ruleson Decimals, Square and Cnbe Root, 
Mengnratian of .'(uivrlicies and Solids, Ac.: alsa Tables of Weights of 
Useful Memoranda. By Thomas DowNlE. Strongly 



bound in leather, ig6 



. . ... iUku Ri. 
I of Cnlourtd Diagram 
. Crown Sto, 39. M. eU 






•i 



t ■ 



■ V-. Wir: « '■• ■ ic :« 1 !h r ^^\'.\ iTiztical treatise on an art which has ahr 
. - . I ,:_i<e. ^^■r : ■ r_,'r-i.: j!i:c the 'ci-rhtT on the success of his endeavour to fi 
:-.■.- -.1:^1 :;v.ri:-rv."— .^ j::-. r<. 

. . . Cl'.-arl} .■!.-.'. ^ jp. -:--•'}■ written, and apjwars to be coniprchenaiv" 
. • ■ • "K ■ 

THE ART OF LEATHER MANUFACTURE 
Practical Handbook, in which the Operations of Tanning, 
Leather Dressing are fully Described, and the Principles o 
plained, and many Recent Processes introduced; as aJso M 
Estimation of Tannin, and a Description of the Arts of Gh 
Dressing, &c. By Alexander Watt, Author of " Soap-Maki 
Metallurgy," Ac. With numerous Illustrations. Crown 8vo 

I 
'*I-.icr>- hrm of uac and interest to the leather trade has liecn touched up<> 

!•■•!« nd explanaticms of the various [mKesses are exhaustively jjiven." — Tatitt 

y.'urttal. 

" A most lucid and readable liook upon difficult and intricate subjects. Ever] 
I rilling, from the most primitive to the most recent, is fully and accurately tie 
leather Trader. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. 
Handbook, including Measurement, Last-Fitting, Cutting-Oi 
Making, with a Description of the most approved Machir 
By John B. Leno, late Editor of St, Crispin^ and The Boot a, 
With numerous Illustrations. Crown 8vo, 5s. cloth. [ 

" A vcr)' complete account of the art and science of bootmaking; which inc 
be said almut leathers and other materials, as weU as about hand-tools and the 
that have latterly been introduced to supplement or supersede the old-fashior 
Weekly Dispatch, 

JJentistry. 

MECHANICAL DENTISTRY : A Practical Tn 
Construction of the various kinds of A rtificial Dentures. Compi 
ful Formulae, Tables and Receipts for Gold Plate, Clasps, S< 
By Charles Hunter. Second Edition, Revised. With i 

Wood Encrravincrs. Crown 8vn. 'js. fid. r.loth. 
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tROSBY LdCKWOOD &■ CO:S CATAtdGVE. 1 

CHEMICAL MANUFACTURES & COMMERCE, j 



.!««/< Trade, Maiiufncfure of S»tt'f"fic Acid, tit. I 

.1 MANUAL OF THE ALKALI TRADE, including Ihe i 

Hy^'JoHN "louas. AfkaifManufscluror, NewcaBllfrupon-Tjne ani Lon*"! ' 
Wild 111 lllmlriilions and Wotking Drawings, and conlaining jBSpiijei 
Ten. Super-royil Svo. £i in. 6U. clolb. 



:s (1) a Complete Handbook for I 
._j i._ .1,—^ alroady in Ih- 



Kilb (be I 



SyiKpii't of Canlenls : 
hill. I. C1uilu«rSi(« mid l>iwra] FWn of h'lnlAhbf . — X. Soda Crntals.— X 
rki.— U. aalptxuii: Add.— [II. Bcamtro^ i MkaU.— X[I. CunUc SudL-JUIL 
HU^fw.-IV.'^ Sin'cdc^rw^— udGnthui of Tink. WuW^SK^.. C^i^^ 
oiiT^^rnw Hinminx' and bnH'^i^ Sulpliuili: Add ifonlallims. AMOiuiiilliifcB 
ana.— VlI.TIuIbflliicIViiuu.-'VIII.Uii- ' FnKl|nil.EirUaI3oiiupon the SoiinnVail^ 



naotcHunualuii. Every sup b & nMllt 
cuh ImpronDiBnE Miplahuicl, ETeraihte.*V 
Hifli «[ Ail ImdE icuItm ihe laUcat Mrnilay 

Iknwbo. en (lion Dotlu. kill' iv^dBp'ur^i^- 
ue cpf IKe word. ^^'« l^d hnc noE mgrfrli^ 



CoiniNercial Chemical ^n^ilj/sia. 

THE COMMERCIAL HANDBOOK OF CHEMICAL J» 

ALVSIS; or, Pnclicil Inilmstlans for lbs deleCDiinalian of Ibe InRfi)** 
Commercial Value of Subiuncea used in Manubcturss, in Tndei.iUHl la« 

inislir," and Edilor of Ross's ■■Treatise on Chemical Analysis.' K* 
Hdltion, Bnlatged and 1o a greal extent re-writlen, by Ht.Ni(r M. «<M. 
Ph.D., F.R.S. Wiibnameronsllluatratlons. Croim Bvo. lu. M. dolh. 

Dye-Wares and Cotoum. 

THE MANUAL OF COLOURS AND DYE-WARES :!*«' 

PropinUs. ApMcaiioni, Valualia^, Imfuriliis, and Sophisliattion,. Fv *» 
U5e of Dyera, Winters. Drysallsra, Brotois, 4q. By]. W. Slatbk. SmM 
Bdition, Ksviscd and itreally Ealiuiied. Crown Svo, ;i. M. clolh. 
V This book contaiDEadeaoriiition of about Sit Hoadred ColoBn, QN^ 
cals, and Drugs used in Che Tinctorial AT19, and tbeic Sources, ApplieallisikM 





JIfoffem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Borh.' 



Town-SewagE, Irrigilloo, 4c 
bound, profusely llliulrated, 



iiDcat o! (he Dairy, Pigi and Poul 
lIdi). Ac. Siilh Editioo. Id One V< 



rs 






■<tgricnUural Engineering. 

^ THE COMPLETE TEXT-BOOK OF FARM ENGINEERING. 
■^ConpriilnK Practical Treatises on Draining and Embsnkinii ! Itrlgatinn and 
^^n^Ier Supply; Firm Roads, Fences, and Galea; Farm Buildingi. Barn 

^^£al Smvoying. Levelling, &c. By Prof, John Scott, Editor of the 

' Royal AgricDllur'al College, Cirence&Ier, &c., &c In One Vol., 1,150 pages, 
Wih6oomiiilradon«,iaj. lialf-boand. [J^tpMiAid. 












Amateur Farming, M 

THE LESSONS OF MY FARM r A Book for Amateur Agri-1 

culluriBli. Being an Intriiduction to Fana PracUce. By Robirt Soorr 
^A Nneani[EnlBiEtlEditiai\mV"V"M'><^- 



aunN. Wiibai 



CROS BY LOCKWOOT} C~ CO.'S CATALOGUE. 

t T^jrt-ltooli of JinglUh AgricttUm-e, 
THE FIELDS OF GREAT BRITAIN : A Texl-Book oil 
AcriiMitluiD, udiplcd ID ibci Srilabui of the Science and An T)epinmnt 
^ . __^ .J . e^.a By High CttWEsir '=-"■ "I 

\Affrtrtitfurnl J>af<i. 

NOTE BOOK of AGRICULTURAL FACTS and FIGURES. 
■ - - ■ -- -■ ■ tfi. By PkiimoBBMcCoHHELL.Fellmtolits 

itayai jnna oblong, li 

» BuHiium fuiliiSbcd in IWl toKBUllii iiul uluslik m\c 1™!."— ^frniW-Zru 

JtuflMtn'a t-and VaiH-cr'g Pocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being TaWa 
CB a very much Improved Plan, for CalcaUIing Ihc Value of Enates. WiA 
Tiblss (a reduciag Seolcb, Irish, ""il P'Ovuicial Cnslomar; Acces 1o Suisl' 
MeuDIcAc. B^R. tliii>s')i',C>.. Nuw Editian. Royal jimo.lisltier.tQl 



CaJniblils>ilii<i1all>gi»ii'i'' ' ,r7 Ja-nal. 

Mivart'H iMIUl imi'i'-i- r'.-, i'lK l.< t-l:i.i>h. 

THE LAND IMl'KO'. lik' ^ rGCKLl-LOuK OF FORMOLM, 
TABLES a«d UE:aOKANDA ri^ii.rcJ ii a-<y Cojfi/ ululian TdaiinttnlH 
I'lrmaHmUmpnvtminlofLaHdalProlitrty. BvJqhn Ewart. LandSunftm 
■nd AnJcnUural EotilDuai. Raj»\ jioio, oblong, letlher, gi)t edgES, mu 

Comttl'li' .i<iririiltiuiil Sui'veyor's Porket-Book. 

THE I ■■-S AND LAND IMPROVER'S COM- 

I'Lh il I r.ri'iing of iJie above Two Worlo bound IB- 



Potato Culture. 

POTATOES : How Id Gnm and Shoai Ihtm. A Practical Guide to 1 
ihe Cumvaiion and General TreaimeQt of ihe PolBto. By Jams ~ 



aARDENING, FLORICULTURE, etc, 



EarJu Ffuita, Flowers a»d Teyi'tablef. 

THE FORCING GARDEN ■ or, How to Grow E»rly Frails, 
Flovreta, and Vogelablcs. Wilh Plana, aad Esliinales (or Bbildioe Glass- 
houses. Pits and Frames. CDnlaminealsoOri^nalPlansforDasbleGliiin^ 
a New Method of Growiue the Gooaeberry under Glass, lie., ^.,andi^ VenU- 
lation.PTOtectioEVineBDrderE, Sc. With Illu3tialians, By Sahuei, Wiwd. 
Crown 8vo.31.6i. cloth. ^ 
''AewkIIhwI:. Bid fairly tils 4 plun llul wu tn tame dcEnw vnc 

With ffnat care, nod contalu a Kiut deal of voluntrta Kv^\Ds"—ajrt/fu, 
"Mr- IVofMl'a book \a anvTUriniA and crlwKtt'ft MAfltt Iqi^jivu^^ 

^rfts, Fluwcr. snd Vcjrbililts-r'-l aii^ n.iil u-/,<rr. 






GARDENING, FLORICULTURE, etc. 31 



Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting. Layin^-out of Gardens and Grounds, &c. By S. Wood. 
With numerous Illustrations. Third Edition. Crown 8vo, 5s. cloth. 

" A vety good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent." — Athenaum, 

" May be recommended to youn^f gardeners, cottagers, and specially to amateurs, for the plain 
simple, and trustworthy information it givts on common matters too often neglected." — Gardeners 
Chronicle, 

Gainftil Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
sdso, How to Grow Flowers in Three Glass Houses, so as to realise 3^176 per 
annum clear Profit. By Samuel Wood, Author of " Good Gardening," &c. 
Fourth Edition, revised. With Wood Engravings. Crown 8vo, 2S. cloth. 

"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, but to the market grower." — Gardeners' Magazine. 

" Of an the practical guides to the amateur, as well as being invaluable to most gardeners, Mr. 
Wood's book is the most accurate and concise." — Hortiatlturat Record, 

Oardening for Ladies, 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6d. cloth. 

" This volume contains a good deal of sound, common-sense instruction."— /"A^rtf/. 
•• Full of shrewd hints and useful instructions, based on a lifetime of .experience."— 5f<j/'«;/<r«. 

Heceipts for Gardeners, 

GARDEN RECEIPTS, Edited by Charles W. Quin. i2mo, 
15. 6d, cloth limp. 
" A useful and handy book, containing a good deal of valuable informBXiox\."—Athe»<xntn. 

K^itchen Gardening. 

THE KITCHEN AND MARKETGARDEN. By Contributors 
to " The Garden." Compiled by C. W. Shaw, Editor of ♦' Gardening Illus- 
trated." i2mo, 35. 6d. cloth boards. 
" The most valuable compendium of kitchen and market-garden work published."— /'drr;//^;-. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By £. Hobday. lamo, is. 6d, cloth limp. 

*' Definite instructions as to the cultivation of small gardens." — Scotstnan. 

" Contains much useful information at a small chaxf^t."— Glasgow Herald, 



AUCTIONEER ING, ESTATg AGENCY, etc. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUERS POCKET ASSISTANT,ioxx)ie\i{Mgi. 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John Wheeler, 
Valuer, &c. Fifth Edition, Re-written and greatly Extended by C. Norris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and dearly-arranged list of 
;>rices for inventories, and a very practical guide to determine the value of furniture, &c."— Standard . 

" Cram full of valuable information of practical value. It is a trustworthy and compendious 
^ide to an sorts of vjduatton."— /»x/#ra/irf Agent. 

Auctioneering, 

AUCTIONEERS: Their Duties and Liabilities. By Robert 

Squibbs, Auctioneer. Demy 8vo, los. 6d, cloth. 

•' The position and duties of auctioneers are treated compendiously and deaxly."—BNilder. 
" Every auctioneer ought to poitsess a copy of this exceOent wock" — fronmonsttr. 
••0/"^eat va/uefo the pro.'csslon. . . . W« rcadUy ti«VcQi»A<t«ia\xK^'*— F.&tatcsC.aAcm, 




^Jliwoott'* Kntate Tnhten. 

TABLES FOR THE PURCHASING OF ESTATES. FnMi. 
CatyMi.er ttuttM: Ai'ini\lia,Airermrtims,&{,,^A for Ihe ReMninji* 

■aian baM ludw CulMdal Chucbe*. Cidl " '■ "-^ 

ic T<>[a* of Yean ccnain, md tor lives ; 
-.■tUm, DdMrad Ansnitici, N«t PnuenUUdns. lie. : loni . . 

Flva Tibial o( CompouiHl liinra*l,and an Eilenslon afthe 

■ad tauiawdiau Ralu. ByW. Ikwood. und Edilkm. with uniUaiM 
AddidoBk uul DBW awl vilBsble Tabl« pf Logarithnu for Ibi "~-" 



CoispiauboitiB, 
ing BevHMOin 
ihetwiihSmtrt 




(iaee 17U- Alto a Codt of Iba London Dailj' Slock aod Share Liit. B; 
W*I,T»« M. pLMFoan. Sworn Brolwr. Crown Bvo. 11. clolb. 

i A Complete Epitovte of the Lau-n of this Country- 
EVERY MAN'S OfVN LAWYER: A Handy-book of ibe 




1 



■mt: iiUlLKHMAKEHiJ- AiiiiitiTANT,^^^ 
Templa^g, and Calculatiiig BoUer and Tank IVdiU 
John Oovrtnbt. Bevised by D. K. GuaK, C.E. 2s. 

27/K BOILERMAKERS REABY-RECKOl 
Witli Eiamplea of Practioal Geometry and Templating 
John CouamiT. Edited by D. K. Clake, M.Inst.C.E. t 
SditiaD, revised. 48., clotbliinp; 6e.,«tiOQgly half-boiutd 

STEAU BOILERS: their OonstTUction and 1& 
ment. By B. AmtnTROHO, C.E. IllastraCed. la. ad. 

THE STEAM-ENOINE. By Dr. Lakdheh. Is 

THE. STEAM-ENGINE, the MaUiematical Theoi 
with Bulua at leng^, and Eiumploa far the use of Fit 
Men. By T. Baker, C.E. lUuetrateil. la. 6d. 

STEAM AND THE STEAM-ENGINE, faeini 
Eitonsion of Mr. JauH SHirBLi.'B "Treatue on Steam." . 
EiXNEAsCiAEE, M:.I.C.B. Tfurd Edition, Ss. Sd. -, clollibc 

LOCOMOTIVE ENGINES. By Q. D. Dkmpsky, ( 
nithlargeadditionsby D.K.ClasKiM.I.C.E. Ss.j cLbd&i 

LOCOMOTIVE ENGINE-DRIVING. A Pra. 
Alunual for Engineers in charee of Iiocomotive Eng^uca 
MiCHAiL BsYNULDs, M.S.E, Bcrosth Ediliau. 3s. 6i. 
4e. 6i. cloth hoardK. 

STATIONARY ENGINE-DRIVING. A Pi^ 
Manual for Enginoore in iJiarpo of Stnlionwy Ei^inos 
Michael Beynolds, M.S.E. Third Edition. Sx- Sd. 
1b. (id. cloth boarda. 

FUEL, its Combustion and Economy. By C. W. Wttt 

A.I,C.E. With extensiTe additians hv D. Sixsbu O 



